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DutHKai 






Kumlier of ineoctB captured — DeBoription of tbo IcuveB and llicir 
appuodages or tonlAolcB — Prelimiaary Bhetoh of the action or the 
Tarions piuts, and of the mamier ia which insectB ore captured — 
Duration of the iaScction of the tentaclea — Nature of the secre- 
tion — Mnnner iu which inaecU are carried to the centre of llie 
leaf — EvidBQce that the glands have the power of abeorptiou — 
Smnll aize of thu routa. 

DtiiiiNQ the aiimmer of 1860, 1 was surprised by find- 
ing how large a number of insects were caught by the 
leaves of the common sun-dew (Drosera rotutidi/otia) on 
a heath in Sussex. I had heard that insects were thus 
caught, but knew nothing further on the subject.* I 



• Aa Dr. Nitschke has given 
(■Bot. Zeitung,' 18tJ0, p. 229) the 
wbliogrftphy of Drosera, I need 
not here go into detailii. Moxt of 
the notices published before ISGO 
ore brief and unimportant. The 
oldest paper seems to tiave been 
one of the most Taluable, namely, 
by Dr. Roth, in 1TK2. There U 
also an interestiDg though short 
Bcooont of the habits of Drosoia b^ 
Dr. Milde, in the 'Bot. Zeitung,' 
1852,p..'i40. lQlSi55,inthe'An- 
nalcB dee Bo. nat. bot.' torn, iii pp. 
297 and 301, MM. Grranlund and 
Trecol each published papers, with 
flgures, on the Elmcturo of the 



leaves; but M. Trccul want so 
fiir IU to doubt whether thoy |ms- 
Beased any power of movement. 
Dr. Nitschke'a papers in the 'Bot, 
Zeitung' for IHBO and ItiSl are 
by for the most important ones 
which have been puEilished, both 
on the iutliits and Btructuio of 
this plant; and I shall frequently 
have occjLsiou to quote &om 
them. Hia disnussious On several 
points, for instance on the trana- 
mission of an excitement from one 
part of the leaf to another, are 
excellent. On Deo. II, 16G2, Mr. 
J. Scott read a pitpor before Iho 
Botanical Society of IikUuburgh, 
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gathered by chance a dozen plants, bearing fifty-six 
fully expanded leaves, and on thirty-one of theae dead 
insects or remnants of tbem adhered ; and, no doubt, 
many more would have been caught afterwaids by these 
same leaves, and still more by those as yet not ex- 
panded. On one plant all ais leaves had caught their 
prey ; and on several plants very many leaves had 
caught more than a single insect. On one large le^ 
I found the remains of thirteen distinct insecta. 
Flies (Diptcra) are captured much oftener than other 
inaects. The largest kind which I have seen caught 
was a small buttei-fly (Catnomjmpha pamjihilus) ; but 
the Sev. H. M. Wilkinson informs me that he found a 
large living dragon-ily with its body firmly held by 
two leavea. As this plant is extremely common in 
some districts, the number of insects thus annually 
slaughtered must be prodigious. Many plants cause 
the death of insects, for instance the sticky buds of 
the horse-chestnut (Mscvltta hippocastanum), withont 
thereby receiving, as far as we can perceive, any ad- 
vantage ; but it was soon evident that Drosera was 



which vets piibliflhed in the Gar- 
denor'a Chronicle,' 1S63, p. 30. 
Mi. Soatt sbowB that gentle Irrita- 
tion of the haire, navel! as ineecta 
phwed on the diao of the leaf, 
I'anae tha huire to bend in- 
nards. Mr. A. W. Bennett also 
giive another interesting EiDcount 
of the movementa of the leaves 
before the British Aesociittion for 
1873. In this same year Dr. 
Warming published an essay, in 
whioh ho descriljos the structure 
of tbo so-called hairs, entitled, 
" Bar ia Diffiirenoe entre les Tri- 
chomes," Ac, extracteil from the 
iiioceediiigB of the fine d'Uiet. 
Ntit. ila Gopenhague. I shall also 
Lave occadoD hercnfler to refer 



to a paper by Mrs. Treat, of New 
Jersey, on some Amerioui species 
of Drosera. Dr. Burdon Bander- 
Bon delivered a lecture on Dionioa, 
before the Royal Inalitution f pub- 
lished in 'Nature,' June 14, 1ST4), 
ID which a short account of my 
observatiouB on the power of true 
digestion p-isseseed by Droseni 
and DiiiDsa first appeared. Frof. 
Asa Gray has done good serviee 
by calling attention to Drosera, 
and to (ither plants having eimiiiur 
liabitfi, in ' The Nation' (1874, pp. 
^<il and*2H2),and in other publioa- 
linns. Dr. Hooker, also, in bii 
iiniKirtaiit address on t'«mivorou« 
PlHiit8(Brit.ABS(«.,BeIfast,1874), 
lias (jiven a history of the Bubject 
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exeellently adapted for the special purpose of catch- 
ing insects, so that the subject seemeil well worthy of 
investigation. 

The results have proved highly remaikable ; th« 
more importjiTit ones being — firstly, the extraordinary 




sensitiveness of the glands to slight pressure and to 
mimite doses of certain nitrogenous fluids, as shown 
by the movements of the so-called haira or tentacles; 



" ThedrawitigBofThniiemfUHl nilnriB, bjinysnii Pninois. They 

Diontea, given in this warh, warn bnie becrn eicGllenlly rcprodui^ 

mule for me by m; son GeorfrG un wood by Mr. Coiipcr, IXM 

Iiorwin; thnai^of AldrornnJa, and Straid, 
of tlio Bcvenil Bpwii b of Ulri- 
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secondly, the power possessed by the leaves of render- 1 
ing soluble or digesting nitrogenous substances, and J 
of afterwards absorbing them ; thirdly, the changes I 
which t^e place within the cells of the tentacles, when | 
the glands are excited in various ways. 

It ia necessary, in the first place, to describe briefly 
the plant. It bears from two or three to five or six 
leaves, generally extended more or less horizontally, 
but sometimes standing vertically upwards. The shape 
and general appearance of a leaf is shown, as seen 
from above, in fig. 1, and as seen laterally, in fig, 2. 
The leaves are commonly a, little broader than long, 




but this was not the case in the one here figured. 
The whole upper surface is covered with gland-bearing 
filaments, or tentacles, as I shall call them, from their 
manner of acting. The glands were counted on thirty- 
one leaves, but many of these were of unusually large 
size, and the average number was 192 ; the greatest 
number being 260, and the least 130. The glands are 
each surrounded by large drops of extremely viscid 
secretion, which, glittering in the sun, have given rise 
to the plant's poetical name of the sun-dew. 

The tentacles on tbo central pnrt of the leaf or disc ara 
Rliort and n1nnd upright, and thtir pedicels are preen. TowardB 
the margin they btcoinc Iniiper ntid longer and more iuclii 
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ontwarda, with their pedicola of a purple colour. ThoBe on 
Gitreme margin project in the eaniu plane with tho leaf, or mure 
commoal; (see fig. 2) are conaiderably rt^flexed. A few ti'utaclefl 
spring from the base of the footstalk or petiole, and thise are 
the loogeat of all, being eometimea nearly J of an inch in lengLli. 
On a leaf bearing altogether 252 tentaoIeB, the short ones on 
the disc, hafing gruon pedicela, wore in number to the luiiitOT 
sabmarginal and marginal tentacles, having purple pedicels, aa 
nine to sixteen. 

A tentacle condsts of a thin, straight, hair-like pedicel, carry- 
ing a ghind on the Bummit. The pedicel ia somewhat flattened, 
and is formed of several tows of elongated cells, filled with pnrple 
fluid or granular matter.' There is, however, a narrow zone 
close beneath the glands of the longer tentacles, and a brouder 
zone near theur bases, of a green tint. Spiral vesBola, aooom- 
panied by simple vascular tissue, branch off Irom the vascular 
bundles in the blade of the leaf, and run up all the tentacles 
into the glands, 

Several eminent phyaiologiata have discussod tho homological 
nature of these appendages or tentacles, that is, whether they 
ought to be considered as hairg (trichumes) or prolongations of 
the leaC Nitschke has shown that they include all the elements 
proper to the blade of a lenf; and the fact of their including 
(aacular tissue was formerly thought to prove that they wore 
prolongations of the leaf, but it is now known that vea^ls some- 
times enter tjrne hairs.t The power of movement which they 
poBBesB is a strong argument against their being viewed as hairs. 
The conclusion which seems to me the most probable will be 
given in Chap. XV., namely that they existed primordinlly as 
glandular hairs, or mere epidermic formations, and that their 
upper part should atill be so considered j but that their lower 



* Acoordiug to Nitschltei'Bot. 
Zeitnng; l^lil, p. 'J24) the purplo 
fluid results frnni the nutbuiinr- 
phoejBOf ohloropliyil. Mr. 8<>ihj 
examined the dlnuritig muttei 
with the BpeotrOBCniH), aii-l iii- 
fbtnui me that it ouiieiDU of the 
(wmmoneBt specids of erytlim- 
phyll, " whi(>h ie alien met fcith in 
leaves with Inw vitally, and in 
parts, like the petioleB, whioh 
carry on leaf-fuactiona in a very 
ImperTeDt ninnuer. All that ein 
be uld. tlierefi'it:, ia that the hairs 



this Bubjtiiit in 'Bot. Zeituiig,' 
I,s6i, p. IMl, &a. See also Ur, 
Warmingl'SurlttDifferenoeentra 
les Triijhoinea,' Ao., ISTS), who 
givea referrnoes to varioua publi- 
cationa. See aluu GrcBiilaad and 
Tn-cul, 'Annal. dux ^c. nat. bot.' 
(<th Btricx', toiD. iii. 18^S, pp. 
2U7 and ■MS. 
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part, wbioh alone is capable of movement, conEists of a pntlcm- 
gation of the leaf; the spiral vesaelB being extended from this 
to the uppermoBt part Wo shall hcroafUir Kee that the ter- 
minal tentacles of the dividud leaves of Kuridula ate still m 
on intennediatc canditiou. 
The glands, with tiio exception of tjiose borne bj' Ibe extreme 




Ijug'.duUaal lectEod of b gland; greatly magDlltPd. Frum r>r, ^irnilDC. 



mai^nal tentacles, are oval, and of nearly nniform size, Tiz. 
about sJg of an inch in length. Their stnicture is remarkable, 
and their functions complex, for thej secrete, absorb, and ore 
acted on by various stimulants. They consist of an outer layer 
of small polyponal cells, containing purple granular matter or 
fluid, and with the walig thiclior than those of the pedicels. 
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Within this layer of cells there is a 



if diiFercntly 
3, litiewiM filled with purple fluid, but of a Blightljr 



different tint, and differentlj affected lij chloride of gi 



. These 



two layers are sometimes well Been when a gland has been 
cmBhed or boiled in cauHtic potash. According to Dr. Wanning, 
there is still another lajer of much more elongated colls, ob 
shown in the accompanying section (Kg. 3) copied from his 
work; imt t^ese cells wore not seen hj Nitechke, nor bj me. 
In the centre there is a group of elongnled, cylindrical colls erf 
oneqna] lengths, bluntl; pointed at thoir upper ends, truncated 
or rounded at their lower ends, closel; preExed together, and 
remarkable from being surrounded bj a spiral line, which can be 
separated as a diRtinet fibre. 

These latter cells are filled with limpid fluid, which after long 
immersion in alcohol deposits much brown matter. 1 presume 
that they are actually connected with the spiral voBseU wldch run 
up the tentacles, for on several occasiona the latter were seen to 
diYide into two or three exoeesively thin branches, which could 
he traced close up to the epiriferous cells. Thoir development 
has been described by Br. Warming. Cells of the same kind 
have been observed in other plants, aa I hear from Hr. Honker, 
and were seen by me in tiie margins of the leave^of Pinguiuula. 
Whatever their function may be, they are not necessary for the 
secretion of the digestive fluid, or for absorption, or for the 
communication of a motor impulse to other parts of the leaf, 
as we may infer from the struotore of the glands in FOnio other 
genera of the DroseracciB. 

The extreme marginal teutaclen differ f Ughtly from the others. 
Their bn»is arc broader, and besides their own vessels, they 
receive a fine branch from those which enter the ttntacles 
on each side. Their glands are much elongated, and lie em- 
bedded on the upper surraco of the pedicel, instead of standing 
at the apex. In other respects they do not differ essentially 
from the oval ones, and in one specimen I found every possible 
transition Iwtween the two slatts. In another specimen there 
were no long-headed glands. These marginal tentacles lose 
their irritability earlier than t!ie others ; and when a stimnlus 
is applied to the centre of the leaf, they are exoited into action 
after tbe others. When cu^off leaves are immersoil in water, 
they alone often become inflected. 

The purple fluid or granular matter which fills the cells ot 
the glands differs to a certain estent from that within the 
cells of the pedicels. For when a leaf is placed in hot water or in 
certain acids, the glands become quite wliile and opaque, wherein 
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the cells of the peJicels are rendered of a bright red, with tlie 
OKCcption of those close beneath the glands. These latter cella 
lose their pale red tint; and the green matter which they, as 
well as the basal ccUa, contain, becomes of a brighter green. 
The petioles bear many multicellular haire, some of which 
Dear the blade are surmoiuited, according to Nitechke, by m 
few rounded celle, which appear to be rudimentary glands. 
Both BUrfaces of the leaf, the pedicels of the tontaclee, espe- 
cially the lower aides of the outer ones, and the petioles, are 
studded with minute papillie (hairs or tiichomes), having a 
conical basis, and bearing on their summits two, and ocCBsioU' 
ally three or even four, ronoded cells, containing much proto- 
plasm. ThoBO papilla are generally colourless, but sometimes 
include a little purple fluid. They -vary in development, and 
graduate, as Nitschke * states, and as I repeatedly observed 
into the long multicellular hairs. The latter, as well as the 
papilla, are probably rudiments of formerly existing tentacles. 

I may here add, in order not to recur to the papillae, that they 
do not secrete, but are easily permeated by varioas fluids : thus 
when living or dead leaves are immersed in a solution of one 
part of chloride of gold, or of nitrate of sjlver, to 437 of water, 
they are quickly blackened, and the discoloration soon spreads 
to the surrounding tissue. The long multicellular hairs are 
not BO quickly af^ted. After a leaf hod been loft in a weak 
infusion of raw meat for 10 hours, the cells of the papillee had 
evidently absorbed animal matter, for instead of limpid fluid 
they now contained small aggregated masses of protoplasm, 
which slowly and incessantly changed their forms. A similar 
result followed from an immersion of only 15 minutes in a 
solution of one port of carlwnate of ammonia to 218 of water, 
and the adjoining cells of the tentacles, on which the papillte 
were seated, now likewise contained aggrogalad masses of proti> 
pltism. We may therefore conclude that when a leaf baa closely 
clasped a captured insect in the manner immediately to be 
described, the papillie, which project from the upper surface 
of the leaf and of the tentacles, probably al^orb some of the 
animal matter dissolved in the secretion ; but this cannot be 
the case with the papillae on the hacks of the leaves or on tho 
petioles. 
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Preliminary/ Sketch of tJie Action of the several Parts, and 
of the Manner in which IjisecU are Captured, 

If a small organic or inorganic object be placed on 
Uie glands in the centre of a leaf, these trunamit a 
motor impulae to the marginal tentacles. The nearer 
ones are first affected and slowly bend towards the 
centre, and then those farther off, until at last all 
become closely inflected over the object. This takes 
place in &om one hour to four or five or mote hours. 
The difference in the time required depends on many 
oiicumBtances ; namely on the size of the object and 
on its nature, that is, whether it contains soluble 
matter of the proper kind ; on the vigour and age of 
the leaf; whether it has lately been in action; and, 
according to Nitschke,* on the temperature of the 
day, as likewise seemed to me to be the case. A living 
insect is a more efficient object than a dead one, as 
in etiuggling it presses against the glands of many 
tentacles. An insect, such as a fly, with thin integu- 
ments, through which animal matter in solution can 
readily pass into the surrounding dense secretion, is 
more efficient in causing prolonged inflection than an 
insect with a thick coat, such as a beetle. The inflec- 
tion of the tentacles takes place indifferently in the 
light and darkness; and the plant is not subject to 
any nocturnal movement of so-called sleep. 

If the glands on the disc are repeatedly touched or 
brushed, although no object is left on them, the 
marginal tentacles curve inwards. So again, if drt)p8 
of various fluids, for instance of saliva or of a solu- 
tion of any salt of ammonia, are placed on the central 
glands, the same result quickly follows, sometimes in 
under half an hour. 
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The tentacles in tke act of inflection sweep through 
a wide space; thug a marginal tentacle, ostended in 
the Bamo plane with the blade, moves through an angle 
of ISO" ; and I have seen the much reflected tentacles 
of a leaf which stood upright move through an angle 
of not less than 270°. The bending part is almost 
confined to a short spaee near the base ; but a rather 
larger portion of the elongated exterior tentacJeB 




becomes slightly incurved ; the distal half in all cases 
remaining straight. The short tentacles in the centre 
of the disc when directly excited, do not become in- 
flected ; but they are capable of inflection if excited 
by a motor impulse received from other glands at a 
distance. Thus, if a leaf is immersed in an infusion 
of ruw meat, or in a weak solution of ammonia (if the 
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solation is at all strong, the leaf is paralysed), all the 
exterior tentacles bend inwards (see fig. 4), excepting 
those near the centre, which remain upright ; hut these 
bend towards any exciting object placed on one side 
of the disc, as shown in tig. 5. The glands in fig. 4 
may be seen to form a dark ring round the centre ; and 
this follows from the exterior tentacles increasing in 
length in due proportion, as they stand nearer to the 
circumference. 

The kind of inflection which the tentacles undergo 
is beat shown when the gland of one of the long exterior 




DtagTBm obowlng ov 



IMS in tbclr LhrdiDuj pualUun. 



tentAcles is in any way excited ; for the surrounding 
ones remain unaffected. In the accompanying outline 
(fig. 6) we see one tentacle, on which a particle of 
meat had been placed, thus bont towards the centre of 
the leaf, with two others retaining their original 
position, A gland may be excited by being simply 
touched three or four times, or by prolonged contact 
with organic or inorganic objects, and various fluids. I 
have distinctly seen, through a lens, a tentacle begin- 
ning to bend in ten seconds, after an object had been 
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placed on its gland ; and I liave often seen strongly 
pronounced inflection in under one minute. It is sur- 
prising how minute a particle of any substance, such 
as a bit of thread or hair or splinter of glass, if placed 
in actual contact with the surface of a gland, suffices 
to cause the tentacle to bend. If the object, which has 
been carried by this movement to the centre, be not 
very small, or if it contains soluble nitrogenous matter, 
it acts on the central glands; and these transmit a 
motor impulse to the exterior tentacles, causing them 
to bend inwards. 

Not only the tentacles, but the blade of the leaf 
often, but by no means always, becomes much in- 
curved, when any strongly exciting substance or fluid 
is placed on the disc. Drops of millr and of a solution 
of nitrate of ammonia or soda are particularly apt to 
produce this effect. The blade is thus converted into 
a little cup. The manner in which it bends varies 
greatly. Sometimes the apex alone, sometimes one 
side, and sometimes both sides, become incurved. For 
instance, I placed bits of hard-boiled egg on three 
leaves ; one had the apex bent towards the base ; the 
second had both distal margins much incurved, so 
that it became almost triangular in outline, and this 
perhaps is the commonest case ; whilst the third blade 
was not at all affected, though the tentacles were as 
closely inflected as in the two previous cases. The 
whole blade also generally rises or bends upwards, and 
thus forms a smaller angle with the footstalk than it 
did before. This appears at first sight a distinct 
kind of movement, but it results from the incurvation 
of that part of the margin which is attached to the 
footstalk, causing the blade, as a whole, to curve or 
move upwards. 

The length of time during which the tentacles ai 
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well as the blade remain inflected over an object placed 
OQ the disc, depends on various circumstances ; namely 
on the vigour and age of the leaf, and, according t« 
Dr. Nitschke, on the temperature, for during cold 
weather when the leaves are inactive, they re-expand 
at an earlier period than when the weather is warm. 
But the nature of the object is by far the most 
important circumstance ; I have repeatedly found that 
the tentacles remain clasped fur a much longer average 
time over objects which yield soluble nitrogenous 
matter than over those, whether organic or inorganic, 
which yield no such matter. After a period varying 
from one to seven days, the tentacles and blade re- 
expand, and are then ready to act again. I have seen 
the same leaf inflected three successive times over 
insects placed on the disc ; and it would probably 
have acted a greater number of times. 

The secretion from the glands is extremely viscid, 
BO that it can be drawn out into long threads, It 
appears colourless, but stains little lialls of paper pale 
pink. An object of any kind placed ou a gland always 
causes it, aa I believe, to secrete more freely ; but 
the mere presence of the object renders this diS^cult 
to ascertain. In some cases, however, the eff'ect was 
strongly marked, as when particles of sugar were 
added ; but the result in this case is probably due 
merely to exosmose. Particles of carbonate and phos- 
phate of ammonia and of some other salts, for instance 
sulphate of zinc, likewise increase the secretion. Im- 
mersion in a solution of one part of chloride of gold, 
or of some other salts, to 437 of water, excites the 
glands to largely increased secretion; on the other 
hand, tartrate of antimony produces no such effect. 
Immersion in many acids (of the strength of one part 
to 437 of water) likewise causes a wonderful amount of 
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Becretion, so that when the leaves are lifted out, long 
ropes of extremely Tistiid fluid hang from them. Some 
acids, on the other hand, do not act in this manner. 
Increased secretion is not necessarily dependent on 
the inflection of the tentacle, for particles of sugar and 
of sulphate of zinc cause no movement. 

It is a much more remarkable fact that when an 
object, such as a bit of meat or an insect, is placed on 
the disc of a leaf, as soon as the surrounding tentacles 
become considerably inflected, their glands pour forth 
an increased amount of secretion. I ascertained this 
by selecting leaves with equal-sized drops on the two 
sides, and by placing bits of meat on one side of the 
disc ; and as soon as the tentacles on this side became 
much inflected, but before the glands touched the meat, 
the drops of secretion became larger. This was re- 
peatedly observed, but a record was kept of only 
thirteen cases, in nine of which increased secretion was 
plainly observed ; the four failures being due either to 
the leaves being rather torpid, or to the bits of meat 
being too small to cause much inflection. We must 
therefore conclude that the central glands, when 
strongly excited, transmit some influence to the glands 
of the circumferential tentacles, causing them to secrete 
more copiously. 

It is a still more important fact (as we shall see 
more fully when we treat of the digestive power of 
the secretion) that when the tentacles become inflected, 
owing to the central glands having been stimulated 
mechanically, or by contact with animal matter, the 
Becretion not only increases in quantity, but changes 
its nature and becomes acid; and this occurs before 
the glands have touched the object on the centre of 
the leaf. This acid is of a difl'erent nature from that 
contained in the tissue of the leaves. As long as the 



L: ^^^M 

nit. loner ^ 



4 



ClIAt. I. 



AOnON OF THE PAHT8, 



tontoolcs remain closely iuilected, the glands continne 
to secrete, and the secretion is acid ; so that, if neu- 
tralised by carbonate of soda, it again becomes acid 
after a few honra. I have observed the same leaf with 
the tentacles closely inflected over rather indigestible 
substances, such as chemically prepared casein, ponr- 
ing forth acid secretion for eight successive days, and 
over bits of bone for ten successive days. 

The secretion seems to possess, like the gastric juice 
of the higher animals, some antiseptic power. During 
very warm weather I placed close together two equal- 
sized bits of raw meat, one on a leaf of the Drosera, 
and the other surrounded by wet moss. They were 
thus left for 48 hrs., and then examined. - The bit on 
the moss swarmed with infusoria, and was so much 
decayed that the transverse striie on the muscular 
ibres could no longer be clearly distinguished; 
whilst the bit on the leaf, wliich was bathed by the 
secretion, was free from infusoria, and its striae were 
perfectly distinct in the central and undissolved por- 
tion. In like maimer small cubes of albumen and 
cheese placed on wet moss became threaded with 
filaments of mould, and had their surfaces slightly 
discoloured aod disintegrated; whilst those on the 
leaves of Drosera remained clean, the albumen being 
changed into transparent fluid. 

As soon as tentacles, which have remained closely 
inflected during several days over an object, begin to 
re-expand, their glands secrete less freely, or cease 
to secrete, and are left dry. In this state they are 
covered with a film of whitish, semi-fibrous matter, 
which was held in solution by the secretion. The 
drying of the glands dui-ing the act of re-expan- 
sion is of some little service to the plant ; for I have 
often observed that objects adhering to the leaves 
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io\dd then be blown away by a breath of air; the 
leaves being thus left unencumbered and free for future 
action. Nevertheless, it often happens that all the 
glands do not become completely dry ; and in thia 
case delicate objects, such as fragile insects, are some- 
timea torn by the re-expausion of the tentacles into 
fragments, which remain scattered all over the leaf. 
After the re-expansion is complete, the glands quickly 
begin to re-secrete, and as soon as full-sized drops 
are formed, the tentacles are ready to clasp a new 
object. 

When an insect alights on the central disc, it ial 
instantly entangled by the viscid secretion, and the 
surrounding tentacles after a time begin to bend, and 
ultimately clasp it on all sides. Insects are generally 
killed, according to Dr. Nitschke, in about a quarter 
of an hour, owing to their tracheie being closed by 
the secretion. If an insect adheres to only a few of! 
the glands of the exterior tentacles, th 
become inflected and carry their prey to the tentacles 
next succeeding them inwards ; these then bend in- 
wards, and so onwards, until the insect is ultimately 
carried by a cuiious sort of rolling movement to the 
centre of the leaf. Then, after an interval, the ten- 
tacles on all sides become inflected and bathe their 
prey with their secretion, in the same manner aa 
if the insect had first alighted on the central disc. It 
is surprising how minute an insect suffices to cause 
this action : for instance, I have seen one of the 
smallest species of gnats (Culex), which had just 
settled with its excessively delicate feet ia the 
glands of the outermost tentacles, and these were 
already beginning to curve inwards, though not a 
single gland had aa yet touched the body of the 
insect. Had I not interfered, this minute gnat would 
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assuredly have been carried to the centre of the leaf 
and been securely clasped on all sides. We shall 
hereafter see what excessively small doses of certain 
organic fluids and saline solutions cause strongly 
marked infiection. 

Whether insects alight on the leaves by mete 
chance, as a resting-place, or are attracted by the 
odour of the secretion, I know not, I suspect from 
the number of insects caught by the English species 
of Droaera, and from what I have observed with some 
exotic species kept in my greenhouse, that the odour 
is attractive. In this latter case the leaves may be 
compared with a baited trap ; in the former case with 
a trap laid in a run frequented by game, but without 
any bait. 

That the glands possess the power of absorption, is 
shown by their almost instantaneously becoming dark- 
coloured when given a minute quantity of carbonate of 
ammonia ; the change of colour being chiefly or exclu- 
sively due to the rapid aggregation of their contents. 
When certain other fluids are added, they become pale- 
coloured. Their power of absorption is, however, best 
shown by the widely different results which follow, 
from placing drops of various nitrogenous and non- 
nitrogenous fluids of the same density on the glands 
of the disc, or on a single marginal gland ; and like- 
wise by the very different lengths of time during which 
the tentacles remain inflected over objects, which yield 
or do not yield soluble nitrogenous matter. This 
same conclusion might indeed have been inferred from 
the siructure and movements of the leaves, which are 
BO admirably adapted for capturing insects. 

The absorption of animal matter from captured 
insects explains how Drosera can flourish in extremely 
poor peaty soil, — in some cases where nothing but 
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aphagnum moss grows, and mosses depend altogethei 
cm the atmosphere for their nouiishment. Although 
the leaves at a hasty glance do not appear green, owing 
to the purple colour of the tentacles, yet the upper and 
lower surfaces of the blade, the pedicels of the central 
tentacles, and the petioles contain chlorophyll, so that, 
no doubt, the plant obtains and assimilates carbonic 
acid from the air. Nevertheless, considering the 
nature of the soil where it grows, the supply of nitrogen 
would be extremely limited, or quite deficient, unless 
the plant had the power of obtaining this important 
element from captured insects. We can thus under- 
stand how it is that the roots are so poorly developed. 
These usually consist of only two or three slightly 
divided branches, from half to one inch in length, 
furnished with absorbent hairs. It appears, therefore, 
that the roots serve only to imbibe water ; though, no 
doubt, they would absorb nutritious matter if present 
in the soil j for as we shall hereafter see, they absorb 
a weak solution of carbonate of ammonia. A plant 
of Drosera, with the edges of its leaves curled in- 
wards, so as to form a temporary stomach, with the 
glands of the closely inilected tentacles pouring forth 
their acid secretion, which dissolves animal matter, 
afterwards to be absorbed, may bo said to feed like an 
animal. But, differently from an animal, it drinks by 
means of its roots ; and it must drink largely, so as to 
retain many drops of viscid fluid round the glands, 
sometimes as many aa 2C0, exposed during the whole 
day to a glaring qun. 
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CHAPTER n. 

The Moyemskts of the Tentacles fbom the Gomtagt of Solid 

Bodies. 

Infleotion of the exterior tentacles owing to the glands of the disc 
being excited by repeated touches, or by objects left in contact 
with them — Difference in the action of bodies yielding and not 
yielding soluble nitrogenous matter — Inflection of the exterior 
tentacles directly caused by objects left in contact with their 
glands — Periods of commencing inflection and of subsequent re- 
expansion — Extreme minuteness of the particles causing inflection 
— Action underwater — Inflection of the exterior tentacles when 
their glands are excited by repeated touches — Falling drops of 
water do not cause inflection. 

T WILL give in this and the following chapters some of 
the many experiments made, which best illustrate the 
manner and rate of movement of the tentacles, when 
excited in various ways. The glands alone in all 
ordinary cases are susceptible to excitement. When 
excited, they do not themselves move or change form, 
but transmit a motor impulse to the bending part of 
their own and adjoining tentacles, and are thus carried 
towards the centre of the leaf. Strictly speaking, the 
glands ought to be called irritable, as the term sensi- 
tive generally implies consciousness ; but no one sup- 
poses that the Sensitive-plant is conscious, and as I 
have found the term convenient, I shall use it without 
scruple. I will commence with the movements of the 
exterior tentacles, when indirectly excited by stimulants 
applied to the glands of the short tentacles on the disc. 
The exterior tentacles may be said in this case to be 
indirectly excited, because their own glands are not 
directly acted on. The stimulus proceeding from the 
glands of the disc acts on the bending part of the 
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exterior tentacles, near their baaesj and does not (af 
will hereafter be proved) first travel up the pedicels to 
the glands, to be then reflected back to the bending 
place. Nevertheless, some influence does travel up to 
the glands, causing them to secrete more copiously,, J 
and the secretion to become acid. This latter fact | 
is, I believe, quite new in the physiology of plants; 
it has indeed only recently been established that in 
the animal kingdom an influence can be transmitted 
along the nerves to glands, modifying tbeir power of 
secretion, independently of the state of the blood- 
vessels. 

The Inflection, of the Exterior Tentacles from the Glunda i 

of tlie Di&a heingi excited hy Repeated Touches, or hy% 

Objects left in Contact with them. 

The central glands of a leaf were irritated with a 
small stiff camel-hair brush, and in 70 m. (minutes) 
several of the outer tentacles were inflected ; in 5 hrs. 
(hours) all the sub-marginal tentacles were inflected ; 
nest morning after an interval of about 22 hrs. they were 
fully re-expanded. In all the following cases the period 
is reckoned from the time of first irritation. Another 
leaf treated in the same manner had a few tentacles 
inflected in 20 m. ; in 4 hrs. all the submarginal and 
some of the extreme marginal tentacles, as well as the 
edge of the leaf itself, were inflected ; in 17 hrs. they I 
had recovered their proper, expanded position, I then | 
put a dead fly in the centre of the last^mentioned leaf, i 
and next morning it was closely clasped ; five days 
afterwards the leaf re-expanded, and the tentacles, ' 
with their glands surrounded by secretion, were ready 
to act again. 

Particles of meat, dead flies, bits of paper, wood, 
dried moss, sponge, cinders, glass, 5'c.,were repeatedly 
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placed on leaves, and these objects were well embraced 
in various periods from 1 hr. to as long as 24 hrs., and 
set free again, with the leaf fully re-expanded, in from 
one or two, to seven or even ten days, according to 
the nature of the object. On a leaf which had 
naturally caught two flies, and therefore had already 
closed and reopened either once or more probably 
twice, I put a fresh fly : in 7 hrs. it was moderately, 
and in 21 hrs. thoroughly well, clasped, with the 
edges of the leaf inflected. In two days and a 
half the leaf had nearly re-expanded ; as the exciting 
object was an insect, this unusually short period of in- 
flection was, no doubt, due to the leaf having recently 
been in action. Allowing this same leaf to rest for 
only a single day, I put on another fly, and it again 
closed, but now very slowly ; nevertheless, in less than 
two days it succeeded in thoroughly clasping the fly. 

When a small object is placed on the glands of the 
disc, on one side of a leaf, as near as possible to 
its circumference, the tentacles on this side are first 
afiected, those on the opposite side much later, or, as 
often occurred, not at all. This was repeatedly proved 
by trials with bits of meat ; but I will here give only 
the case of a minute fly, naturally caught and still 
alive, which I found adhering by its delicate feet to 
the glands on the extreme left side of the central disc. 
The marginal tentacles on this side closed inwards 
and killed the fly, and after a time the edge of the 
leaf on this side also became inflected, and thus 
remained for several days, whilst neither the tentacles 
nor the edge on the opposite side were in the least 
affected. 

K young and active leaves are selected, inorganic 
particles not larger than the head of a small pin, 
placed on the central glands, sometimes cause the 
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outer tentacles to bend inwarda. But this followa 
much more surely and quickly, if the object contains 
nittogencraa matter whicli can be dissolved by the 
secretion. On one occasion I observed the follow- 
ing unusual circumatance. Small bita of raw meat 
(which acts more energetically than any other aub- 
stance), of paper, dried moss, and of the quill of a 
pen were placed on several leaves, and they were all 
embraced equally well in about 2 hrs. On other 
occasions the above-named substances, or more com- 
monly particles of glass, coal-cinder (taken from the 
fire), stone, gold-lea^ dried grass, cork, blotting-paper, 
cotton-wool, and hair rolled up into little balls, were 
used, and these substances, though they were some- 
times woll embraced, often caused no movement what- 
ever in the outer tentacles, or an extremely slight and 
Blow movement. Yet these same leaves were proved to 
be in an active condition, as they w^e excited to mova 
by substances yielding soluble nitrogenous matter, 
such as bits of raw or roast meat, the yolk or white of 
boiled eggs, fragments of insects of all orders, spiders, 
&c. I will give only two instances. Minute flies were 
placed on the discs of several leaves, and on others 
balls of paper, bits of mosa and quill of about the same 
size as the flies, and the latter were well embraced 
in a few hours ; whereaa after 25 hrs. only a very 
few tentacles were inflected over the other objects. 
The bits of paper, moss, and quill were then removed' 
from these leaves, and bita of raw meat placed on them ; 
and now all the tentacles were soon energetically 
inflected. 

Again, particles of coal-cinder (weighing rather more 
than the flies used in the last experiment) were placed 
on the centres of three leaves: after an interval ot 
1 9 hrs, one of the particles was tolerably well embraced 
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a second by a very few tentacles ; and a third by none. 
I then removed the particles from the two latter leaves, 
and put on them recently killed flies. These were 
fturly well embraced in 7i hrs, and thoroughly after 
20^ hra. ; the tentacles remaining inflected for many 
Bnbseqnent days. On the other hand, the one leaf 
which had in the course of 19 hrs. embraced the bit of 
cinder moderately well, and to which no fly was given, 
after an additional 33 hrs. (i, e. in 52 hrs. from the 
time when the cinder was put on) was completely 
re-expanded and ready to act again. 

From these and numerous other experiments not 
worth giving, it is certain that inorganic substances, 
or such organic substances as are not attacked by the 
secretion, act much less quickly and efSciently tlian 
organic substances yielding soluble matter which is 
absorbed. Moreover, I have met with very few escep- 
tions to the rule, and these exceptions apparently 
depended on the leaf having been too recently in 
action, that the tentacles remain clasped for a much 
longer time over organic bodies of the nature just 
specified than over those which are not acted on by 
the secretion, or over inorganic objects* 



• Owinft to the eitraordinnry 
lieUef heldbyM. Zi^ler ('Comp- 
tea Tendna,' May 1872, p. 122), 
that alboniiucniB Buhfitanoes, if 
lield for a mnment between the 
flngere, ooqiiire tlie property of 
ni^ng the tentaelea of Drosera 
oontraot. wberens. if not thus held, 
thtij biive DO Buch povrer, I [ried 
wme experimeuts with great core, 
but the results did aist cnnSna 
this belief. Red-hot cindera were 
taken out of the Are, and liila 
of gtara, oottoQ-thread, blotting 
paper and thin alicta of corb 
•ere InnnerBoJ in boilinj; walur ; 



and partioles were then plnp<id 
(every tnetmment with which 
they were tonohed having been 
previonsly immerBed in boiling 
water) on the glanda of BovoroJ 
leaves, and thoj acted in exactly 
the same manner aa otber par- 
tielea, which hod been purposely 
bandied for some time. Bits of 
a boiled egg, cut with a knife 
whioh had been washed in boiling 
waler, also acted like any other 
animal Bubatanoe. I breathed on 
Bonie leaceB for above a minute, 
and repeatini the act two or thii'S 
timus, with my mouth close to 
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tThs Injleetion of the Ikterior Tentacles as diredlt/ causedm 
hy Ohjeds hft in Contact with their Glands. 
I made a vast number of trials by placing, by means 1 
of a fine needle moistened with distilled water, audi 
with the aid of a lens, particles of yarious substances 1 
on the viscid secrGtion aurroimding the glands of the f 
outer tentacles. I experimented on both the oval and! 
long-headed glands. When a particle is thus place' 
on a single gland, the movement of the tentacle i 
particularly well seen in contrast with the stationary 
condition of the surrounding tentacles, (See previous 
fig. 6.) In four cases small particles of raw meat 
caused the tentacles to be greatly inflected in between 
5 and 6 m. Another tentacle similarly treated, 
and observed with special care, distinctly, though 
slightly, changed its position in 10 s. (acconda) ; and 
this is the quickest movement seen by me. In 2 m. 
30 a. it had moved through an angle of about 45°. 
The movement as seen through a lens resembled that J 
of the hand of a large clocli:. In 5 m. it had moved | 
through 90°, and when I looked again after 10 m^ i 
the particle had reached the centre of the leaf; 
that the whole movement was completed in letsa 1 



them, bwt this prodnced no eflect. 
I tna; here add, as showing thut 
the leaves are not aot«d on by tha 
odooi or Ditrogenona Bubstancca, 
that pieces of laii meat Btuik on 
needlea wsth fixed aa close as 
poKsible, without actual contont, 
to BGverul lenves, but produced 
iLO effect whatever. On the other 
hand, as we shall bereafter flee, 
the vapours of rertaia volatile 
BubetancoB and flnias, such aa of 
carbonate of ammonia, chloro- 
form, nertaln esBoutial oili, &b.. 



ciHiae inflectiou, M. Ziegler 
niikHB Btill more extraordinaiy I 
Btattmenta with respect to ths | 
power of BnimaJ aubatuiioeB, which 
have been left close to, but not is 
contact with, sulphate of quinioe, 
Tbe action of salts of quinine will 
be described in a future chapter. 
Since the appearance of the paper 
above referred to, M. Ziegler has 
published a, book on the sama 
subject, entitled, 'Atonidte ot 
Zoiclte,' 1874. 
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than 17 m. 30 s. In the course of some hours this 
minute bit of meat, from having been brought into 
contact with some of the glands of the central disc, 
acted centrifugally on the outer tentacles, which all be- 
came closely inflected. Fragments of flies were placed 
on the glands of four of the outer tentacles, ex- 
tended in the same plane with that of the blade, and 
three of these fragments were carried in 35 m. through 
an angle of 180° to the centre. The fragment on 
the fourth tentacle was very minute, and it was 
not carried to the centre imtil 3 hrs. had elapsed. In 
three other cases minute flies or portions of larger 
ones were carried to the centre in 1 hr. 30 s. In 
these seven cases, the fragments or small flies, which 
had been carried by a single tentacle to the central 
glands, were well embraced by the other tentacles 
after an interval of from 4 to 10 hrs. 

I also placed in the manner just described six small 
balls of writing-paper (rolled up by the aid of pincers, 
so that they were not touched by my fingers) on the 
glands of six exterior tentacles on distinct leaves; 
three of these were carried to the centre in about 1 hr., 
and the other three in rather more than 4 hrs.; but 
after 24 hrs. only two of the six balls were well em- 
braced by the other tentacles. It is possible that 
the secretion may have dissolved a trace of glue or 
animalised matter from the balls of paper. Four par- 
ticles of coal-cinder were then placed on the glands 
of four exterior tentacles; one of these reached 
the centre in 3 hrs. 40 m. ; the second in 9 hrs. ; the 
third within 24 hrs., but had moved only part of the 
way in 9 hrs. ; whilst the fourth moved only a very 
short distance in 24 hrs., and never moved any farther. 
Of the above three bits of cinder which were ultimately 
carried to the centre, one alone was well embraced by 
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many of the other tentacles. We here see clearly that 
Buch bodies as particles of ciniler or little balls of 
paper, after being carried by the tentacles to the 
central glands, act very differently from fragments of 
.flies, in causing the movement of the surrounding 
tun tattles. 

I made, without carefully recording the times of 
movement, many similar trials with other substances, 
such na splinters of white and blue glass, particles of 
cork, minnte bits of gold-leaf, &e. ; and the propor- 
tional nimiber of cases varied much in which the 
tentacles reached the centre, or moved only slightly, 
or not at all. One evening, particles of glass and 
cork, rather larger than those usually employed, were 
placed on about a dozen glands, and next morning, 
after 13 hrs,, every single tentacle had carried its little 
load to the centre ; but the unusually large size of the 
particles will account for this result. In another case 
-?■ of the particles of cinder, glass, and thread, placed 
on separate glands, were carried towards, or actuidly 
to, the centre ; in another ease i, in another -^, and 
in the last case only i^ were thus carried inwards, the 
small proportion being here due, at leaat in part, to the 
leaves being rather old and inactive. Occasionally a 
gland, with its light load, could be seen through a 
strong lens to move an extremely short distance and 
then stop ; this was especially apt to occur when ex- 
cessively minute particles, much less than those of 
which the measurements will be immediately given. 
were placed on glands ; so that we here have nearly 
the limit of any action. 

I was so much surprised at the smallncss of the par- 
ticles which caused the tentacles to Ijecome greatly 
inflected that it seemed worth while carefully to 
ascertain how minnte a particle would plainly act 
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Accordingly measured lengths of a narrow strip of ] 
blotting paper, of fine eotton-threaJ, and of a woman's I 
hair, were carefully weighed for me by Mr. Treuham | 
Reeks, in an excellent balance, in the lalioratory in 1 
Jwmyn Street. Short bits of the paper, thread, and 
hair were then cut off and measured by a micrometer, 
so that their weights could be easily calculated. The 
bits were placed on the viacid secretion surrounding the 
glands of the exterior tenta^-les, with the precautions 
already stated, and I am certain that the gland itself 
was never touched; nor indeed would a single touch 
have produced any effect. A bit of the blotting-paper, 
weighing TTTT of a grain, was placed so as to rest on 
three glands together, and all three tentacles slowly 
curved inwards; each gland, therefore, supposing the 
weight to be distributed equally, could have been 
pressed on by only t-iVt of a grain, or ■0464 of a milli- 
gramme. Five nearly equal bits of cotton-thread were 
tried, and all acted. The shortest of these was -^ of 
an inch in length, and weighed tt'.tt of a grain. The 
tentacle in this caae was considerably inflected in 
1 hr. 30 ra., and the bit of thread was carried to the 
centre of the leaf in 1 hr. 40 m. Again, two particles 
of the thinner end of a woman's hair, one of these 
being ; - ; f, „ ■ of an inch in length, and weighing i-3-)tt "f 
a grain, the other -rJ-fir of an inch in length, and weigh- 
ing of course a little more, were placed on two glands on 
opposite sides of the same leaf, and these two tentacles 
were inflected halfway towards the centre in 1 hr. 10 m. ; 
all the many other tentacles round the some leaf 're- 
maining motionless. The appearanee of this ono leaf 
showed in an unequivocal manner that these minute 
particles sufficed to cause the tentacles to bend. Alto- 
gether, ten such particles of hair were placed on ten 
glands on several leaves, and seven of them caused 
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the tentacles to move in a conspicnous manner. Tha 
Bmallest particle which was tried, and which acted, 
plainly, was only xinrr of ^^ iiich ('203 millimetre) in 
length, and weighed the .ps-irro of a grain, or "000822 
milligramme. In these several cases, not only was the 
inflection of the tentacles conspicuous, but the purple 
fluid within their cells became aggregated into little 
masses of protoplasm, in the manner to be described in 
the next chapter ; and the aggregation was so plain 
that I coiild, by this clue alone, have readily picked 
out under the microscope all the tentacles which had 
carried their light loads towards the centre, from the 
hundreds of other tentacles on the same leaves which 
had not thus acted. 

My surprise was greatly excited, not only by the 
minuteness of the particles which caused movement, 
but how they could possibly act on the glands ; for it 
must be remembered that they were laid with the 
greatest care on the convex surface of the secretion. 
At first I thought — ^but, as I now know, erroneously — 
that particles of such low specific gravity as those of 
cork, thread, and paper, would never come into contact 
with the surfaces of the glands. The particles cannot 
act simply by their weight being added to that of the 
secretion, for small drops of water, many times heavier 
than the particles, were repeatedly added, and never 
produced any effect. Nor does the disturbance of the 
secretion produce any effect, for long threads were 
drawn out by a needle, and affixed to some adjoining 
object, and thus left for hours; but the tentacles 
remained motionless. 

i also carefully removed the secretion from four 
glands with a sharply pointed piece of blotting-paper, 
BO that they were exposed for a time naked to the air, 
bat this caused no movement ; yet these glands were 
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ia ao efficient atqte, for after 24 hrs. had elapsed, tliejr 
were tried with bits of meat, and all became quickly 
inflected. It then occurred to me that particles float- 
ing on the secretion would cast shadows on the glands, 
which might be sensitive to the interception of the 
light. Although this geemed highly improbable, as 
minute and thin splinters of colourless glass acted 
powerfully, nevertheless, after it was dark, I put on, 
by the aid of a single tallow candle, as quickly aa 
possible, particles of cork and glass on the glands of a 
dozen tentacles, as well as some of meat on other 
glands, and covered them up so that not a ray of light 
could enter ; but by the next morning, after an interval 
of 13 hrs., all the particles were carried to the centres 
of the leaves. 

These negative results led mo to try many more 
experiments, by placing particles on the surface of the 
drops of secretion, observing, as carefully as I could, 
whether they penetrated it and touched the surface of 
the glands. The secretion, from its weight, generally 
forms a thicker layer on the under than on the upper 
sides of the glands, whatever may be the position of 
the tentacles. Minute bits of dry cork, thread, blotting 
paper, and coal cinders were tried, such as those pre- 
viously employed ; and I now observed that they 
absorbed much more of the secretion, in the course of 
a iew minutes, than I should have thought possible ; and 
as they had been laid on the upper surface of the secre- 
tion, where it is thinnest, they were often drawn down, 
after a time, into contact with at least some one point 
of the gland. With respect to the minute splinters 
of glass and particles of hair, I observed that the 
secretion slowly spread itself a little over their siir- 
faces, by which means they were likewise drawn down- 
wards or sideways, and thus one end, or some mioute _ 
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prominence, often came to touch, aooner or later, them 
gland. M 

In the foregoing and following cases, it is probable « 
that the yibrations, to which the furniture in every J 
room is continually liable, aids in bringing the pat- J 
tides into contact with the glanda. But as it was ■■ 
sometimes difficult, owing to the refraction of the secre- 1 
tion, to feel sure whether the particles were in contact, 
I tried the following experiment. Unusually minute 
particles of glass, hair, and cork, were gently placed on 
the drops round several glands, and very few of the J 
tentacles moved. Those which were not affected were I 
left for about half an hour, and the particles were 1 
then disturbed or tilted up several times with a fine ] 
needle under the microscope, the glands not being | 
touched. And now in the course of a few minut^ ] 
almost all the hitherto motionless tentacles began to I 
move ; and this, no doubt, was caused by one end or I 
some prominence of the particles having come into ^ 
contact with the surface of the glands. But as the 1 
particles were unusually minute, the movement was I 
small. 

Lastly, some dark blue glass pounded into fine 
splinters was used, in order that the points of the par- 
ticles might be better distinguished when immersed in 
the secretion ; and thirteen such particles were placed 
in contact with the depending and therefore thicker 
part of the drops round so many glanda. Five of the 
tentacles began moving after an interval of a few 
minutes, and in these cases I clearly saw that the par- 
ticles touched the lower surface of the gland. A sLsth 
tentacle moved after 1 hr. 45 m., and the particle 
was now in contact with the gland, wliich was not the 
case at first. So it was with the seventh tentacle, but 
its movement did not begin until 3 hrs. 45 m. bad 
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elapsed. The remaining six tentacles never moved 
as long as they were observed; and the particles 
apparently never come into contact with the surfaees 
of the glands. 

From these experiments we leam that particles not 
containing soluble matter, when placed on glanda, often 
canae the tentacles to begin bending in the course of 
from one to five minutes ; and that in such cases the 
particles have been from the first in contact with the 
surfaces of the glands. When the tentaclcB do not 
begin moving for a much longer time, namely, from 
half an hour to three or tuur hours, the particles 
have been slowly bronght into contact with the 
glands, either by the secretion being absorbed by the 
particles or by its gradual spreading over them, to- 
gether with its consequent quicker evaporation. 
When the tentacles do not move at all, the particles 
have never come into contact with the glands, or in 
some cases the tentacles may not have been in an 
active condition. In order to excite movement, it is 
indispensable that the particles should actually rest on 
the glands ; for a touch once, twice, or even thrice 
repeated by any hard body is not sufficient to excite 
movement. 

Another experiment, showing that extremely mi- 
nute particles act on the glands when immersed in 
wfttor, may here be given. A grain of sulphate of 
quinine was added to an ounce of water, which was 
not afterwards filtered ; and on placing three leaves in 
ninety minims of this fiuid, I was much surprised to find 
that all three leaves were greatly inflected in 15 m. ; 
for 1 knew from previous trials that the solution docs 
not act so quickly as this. It immediately occurred 
to me that the particles of the undissolved salt, which 
were so light as to float about, might have come 



3li DEOSEEA EOTUNDIFOLIA. Oai 

into contact with the glands, and caused this lapid 
movement. Accordingly I added to some distilled 
water a pinch of a quite innocent substance, namely, 
precipitated carbonate of lime, which consists of an 
impalpable powder ; I shook the miiture, and thus got 
a fluid like thm milk. Two leaves were immersed in 
it, and in 6 m. almost every tentacle was much 
inflected. I placed one of these leaves under the 
microscope, and saw innumerable atoms of lime ad- 
hering to the external auiface of the secretion. Some, 
however, had penetrated it, and were lying on the sur- 
faces of the glands ; and no doubt it was these pai-ticlea 
which caused the tentacles to bend. When a leaf is im- 
mersed in water, the secretion instantly swells much ; 
and I presume that it is ruptured here and there, so 
that little eddies of water rush in. If so, we can under- 
stand how the atoms of chalk, which rested on the 
surfaces of the glands, had penetrated the secretion. 
Anyone who has rubbed precipitated chalk between 
his Angers will have perceived how excessively fine 
the powder is. No doubt there must be a limit, beyond 
which a particle would be too small to act on a gland ; 
but what this limit is, I know not, I have often seen 
fibres and dust, which had fallen from the air, on the 
glands of plants kept in my room, and these never 
induced any movement ; but then such particles lay 
on the surface of the secretion and never reached tha 
gland itself. 

Finally, it is an extraordinary fact that a little 
bit of soft thread, -^'-^ of an inch in length and weigh- 
ing -By'jT of a grain, or of a human hair, xoVo of an 
inch in length and weighing only y^-lTTr of a grain 
('000822 milligramme), or particles of precipitated 
chalk, after resting for a short time on a gland, 
should induce some change in its cells, exciting them 
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lo tianainit a motor impulse throagbout the whola 
length of the pedicel, consisting of about twenty cells, 
to near its base, causing tliis part to bend, and the 
tentacle to sweep through an angle of above 180", 
That the contents of the cells of the glands, and after- 
wards those of the pedicels, are affected in a plainly 
Tiaible manner by the pressure of minute particles, we 
ahall have abundant evidence when we treat of the 
aggregation of protoplaam^ But the case is much more 
remarkable than as yet stated ; for the particles are sup- 
ported by the viscid and dense secretion ; nevertheless, 
even smaller ones than those of which the measure- 
ments have been given, when brought by an insensibly 
slow movement, through the means above specified, into 
contact with the surface of a gland, act on it, and the 
tentacle bonds. The pressure exerted by the particle 
of hair, weighing only Tr'-rff of a grain and supported 
by a dense fluid, must have been inconceivably alight. 
We may conjecture that it could hardly have equalled 
the millionth of a grain ; and we shall hereafter see 
that far less than the millionth of a grain of phos- 
phate of ammonia in solution, when absorbed by a 
gland, acts on it and induces movement. A bit of 
hair, 3^ of an inch in length, and therefore much 
larger than those used in the above experiments, was 
not perceived when placed on my tongue ; and it is 
extremely doubtful whether any nerve in the human 
body, even if in an inflamed condition, would be in 
any way affected by auch a particle supported in a 
dense fluid, and slowly brought into contact with the 
nerve. Yet the cells of the glands of Drosera are thus 
excited to transmit a motor impulse to a distant point, 
inducing movement. It appears to me that hardly 
any more remarkable fact than this has been observed 
lu the vegetable kingdom. 
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I7ie Infieetion of the Exterior Tentacles, when their Gland* | 
are exaited ly Repeated Touches. 

We have already seen that, if tlie central glands 
are excited by toing gently bniBhed, they trans- 
mit a motor impulse to the exterior tentacles, 
causing them to bend; and we haye now to C( 
aider the effects which follow from the glands of 1 
the exterior tentacles being themselves touched. On [ 
several occasions, a large number of glands were j 
tonched only once with a needle or fine brush, 
hard enough to bend the whole flexible tentacle; 
and though this must have caused a thousand- I 
fold greater pressure than the weight of the above I 
described particles, not a tentacle moved. On f 
another occasion forty-five glands on eleven leavea J 
were touched once, twice, or even thrice, with ; 
needle or stiff bristle. This was done as quickly a 
possible, but with force siifiicient to bend the ten- ' 
tacles ; yet only six of them became inflected, — three 
plainly, and three in a slight degree. In order to 
ascertain whether these tentacles which were not ' 
affected were in an eflicient state, bits of meat were i 
placed on ten of them, and they all soon became greatly 
incurved. On the other hand, when a large number of ! 
glands were struck four, five, or six times with the 
same force as before, a needle or sharp splinter of 
glass being used, a much larger proportion of tentacles 
became inflected ; but the result was so uncertain 
as to seem capricious, For instance, I struck in 
the above manner three glands, which happened to 
be extremely sensitive, and all three were inflected 
almost as quickly as if bits of meat had been placed 
oil them. On another occasion 1 gave a single for- 
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cible touch to a considerable cmuber of glands, and 
not one moTed ; but these same glands, after an intei- 
val of some hours, boing touched four or five times 
nith a needle, several of the tentacles soon became 
inflected. 

The fact of a single touch or even of two or three 
touches not causing inflection must be of some service 
to the plant ; as during stormy weather, the glands 
cannot fail to be occasionally touched by the tall 
blades of grass, or by other plants growing near ; and 
it would be a great evil il' the tentacles were thus 
brought into action, for the act of re-expansion takes 
a considerable time, and until the tentacles are re- 
expanded they cannot catch prey. On the other 
hand, extreme sensitiveness to slight presaure is of the 
highest service to the plant ; for, as we have seen, if 
the delicate feet of a minute struggling insect press 
ever so lightly on the surfaces of two or three glands, 
the tentacles bearing these glands soon curl inwards 
and carry the insect with them to the centre, causing, 
after a time, all the circumferential tentacles to 
embrace it. Nevertheless, the movements of the 
plant are not perfectly adapted to its requirements; 
for if a bit of dry moss, peat, or other rubbish, is 
blown on to the disc, as often happens, the tentacles 
clasp it in a useless manner. They soon, however, 
discover their mistake and release such innuttitious 
objects. 

It is also a remarkable fact, that drops of water fell- 
ing from a height, whether Tinder the form of natural 
or artificial rain, do not cause the tentacles to move ; 
yet the drops must strike the glands with considerable 
force, more especially after the secretion has been all 
washed away by heavy rain ; and this often occurs. 
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tliough the secretion is so viscid that it can be re- 
moTsd with difficulty merely by waving the leaves in 
water. If the falling drops of water are small, they 
adhere to the secretion, the weight of which must ha 
increased in & much greater degree, as before re- 
marked, than by the addition of minute particles of 
solid matter ; yet the drops never cause the tentacles 
to become inflected. It would obviously have been a 
great evil to the plant (as in the case of occasional 
touches) if the tentacles were excited to bend by 
every shower of rain ; but this evil baa been avoided 
by the glands either having become through habit 
insensible to the blows and prolonged pressure of 
drops of water, or to their having been originally 
rendered sensitive solely to the contact of solid bodies. 
We shall hereafter see that the filaments on the leaves 
of Dionsea are likewise insensible to the impact of 
fluids, though exquisitely sensitive to momentary 
touches from any solid body. 

Wben the pedicel of a tentacle is cut off by a 
sharp pair of scissors quite close beneath the gland, 
the tentacle generally becomes infieeted. I tried this 
experiment repeatedly, as I was much surprised at the 
fact, for all other parts of the pedicels are insensible to 
any stimulus. Those headless tentacles after a time 
re-expand ; but I shall return to this subject. On the 
other hand, I occasionally succeeded in crushing a 
gland between a pair of pincers, but this caused no 
inflection. In this latter case the tentacles seem 
paralysed, as Likewise follows from the action of too 
strong solutions of certain salts, and by too great 
heat, whilst weaker solutions of the same salts and a 
more gentle heat cause movement. We shall also see 
in future chapters that various other fluids, some 
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yapoursy and oxygen (after the plant has been for some 
time excluded £rom its action), all induce inflection, 
and this likewise results from an induced galyanio 
current.* 



* My son Francis, guided bj 
the observations of Dr. Burdon 
Sanderson on Dion»a, finds that 
if two needles are inserted into 
the blade of a leaf of Drosera, the 
tentacles do not move ; bnt that if 
sinular needles in connection with 



the secondary coil of a Dn Bois 
indnctiye apparatus are itisrrted, 
the tentacles curre inwards in the 
course of a few minntes. My son 
hopes soon to publish an mmoA 
of nis observations. 
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though the secretion is so Tiscid that it can be re- 
moved with difficulty merely by waving the leaves in 
water. If the falling drops of water are small, they 
adhere to the secretion, the weight of which must be 
increased in a much greater degree, as before re- 
marked, than by the addition of minute particles of 
solid matter ; yet the drops never cause the tentacles 
to become inflected. It would obviously have been a , 
great evil to the plant (as in the case of occasional • 
touches) if the tentacles were excited to bend by 
every shower of rain ; but this evil has been avoided 
by the glands either having become through habit I 
insensible to the blows and prolonged pressure of j 
drops of water, or to their having been originally | 
rendered sensitive solely to the contact of solid bodies. 
We shall hereafter see that the filaments on the leaves ! 
of Dionjea are likewise insensible to the impact of j 
fluids, though exquisitely sensitive to momentary I 
touches from any solid body. 

When the pedicel of a tentacle is cut off by a 
sharp pair of scissors quite close beneath the gland, 
the tentacle generally becomes inflected. I tried this 
experiment repeatedly, as I was much surprised at the 
fact, for all other parts of the pedicels are insensible to 
any stimulus. These headless tentacles after a time 
rc-cxpand ; but I shall return to this subject. On the 
other hand, I occasionally succeeded in crushing a 
gland between a pair of pincers, but this caused no 
inflection. In this latter case the tentacles seem 
paralysed, aa likewise follows from the action of too 
strong solutions of certain salts, and by too great 
heat, whilst weaker solutions of the same salts and a 
more gentle heat cause movement. We shall also see 
in future chapters that various other fluids, some 
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yapoursy and oxygen (after the plant has been for some 
time excluded from its action), all induce inflection, 
and this likewise results from an induced galyanio 
current.* 



* My son Francis, guided bj 
the observations of Dr. Burdon 
Sanderson on DionsBa, finds that 
if two needles are inserted into 
tiie blade of a leaf of Drosera, the 
tentacles do not move; but that if 
similar needles in connection with 



the secondary coil of a Dn Bois 
indnctiye apparatus are itisrrted, 
the tentacles curve inwards in the 
course of a few minutes. My son 
hopes soon to jrablish an aMOOiii 
of ids observanons. 
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Testaoles. 

IJatiire of tha contents of the cells before aggregation — YfLriam 
causes which e:(cite aggregation —The procuES oommenceB wttliiu 
the glands and travels down the tenloctes — Description of the 
aggregated mosses and of their spontaneoBS moTements — CutrenU 
of protoplasni along the valla of the cells — AoCion of carbonate | 
of ammnaia — The granules la the piotoplosia whioh flows along I 
the walls oooleBoe wilb the oentral niBSEes — MiaatenesB of the J 
quantit; of carbonate of ammoDta causing aggregation — Aetion j 
of other salts of ammonia — Of other substances, organic fluids, I 
to. — Of water — Of heat — RcdisBOlutioD of the aggregated massei 
— Proximate Oauaea of the aggregation of the protoplsaro — 
Summary and ooncluding remiirkH^Supplementary obaervatloiis ] 
on aggregntioo in the roots of plants. 

I WILL here iDterrupt my account of the movements 
of the leaves, and describe the phenomenon of aggre- 
gation, to which subject I have already alluded. If 
the tentacles of a young, yet fully matured leaf, that 
has never been excited or become inflected, be ex- 
amined, the cells forming the pedicels are seen to be 
filled Vith homogeneous, purple fluid. The walls are 
lined by a layer of colourless, circulating protoplasm ; 
but this can be seen with much greater distinctness 
after the process of aggregation has been partly 
effected than before. The purple fluid which exudes 
from a crushed tentacle is somewhat coherent, and 
does not mingle with the surrounding water; it eon- 
tains much flocculent or granular matter. But this 
matter may have been generated by the cells having 
been crushed; some degree of aggregation having 
been thus almost instantly caused. 
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If a tentacle is examined some hours after the gland 
has been excited by repeated touches, or by an in- 
organic or organic particle placed on it, or by the 
absorption of certain ^nids, it presents a wholly 
changed appearance. The cells, instead of being filled 
with homogeneous pui'ple fluid, now contain variously 
shaped masses of purple matter, suspended in a colour- 
less or almost colourless Huid. The change is so 
conspicuous that it is visible through a weat lens, 
and even sometimes by the naked eye ; the tentacles 
now have a mottled appearance, so that one thus 
affected can be picked out with ease from all the 
others. The same result follows if the glands on the 
disc are irritated in any manner, so that the exterior 
tentacles become inflected ; for their contents will 
then be found in an aggregated condition, although 
their glands have not as yet touched any object But 
aggregation may occur independently of inflection, 
as we shall presently see. By whatever cause the 
process may have been excited, it commences within 
the glands, and then travels down the tentacles. It 
can be observed much more distinctly in the upper 
cells of the pedicels than within the glands, as these 
are somewhat opaque. Shortly after the tentacles have 
re-expanded, the little masses of protoplasm are all 
redissolved, and the purple fluid within the cells be- 
comes as homogeneous and transparent as it was at 
first. The process of redissolution travels upwards 
from the bases of the tentacles to the glands, and 
therefore in a reversed direction to that of aggre- 
gation. Tentacles in an aggregated, condition were 
shown to Prof. Huxley, Dr. Hooker, and Dr. Burden 
Sanderson, who observed the changes under the 
microscope, and were much struck with the whole 
phenomenon. 
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The little masses of aggregated matter are of the 
most diversified shapes, often spherical or oval, some- 
times much elongiited, or quite irregular with thread- 
er necklace-like or club-tbmied prujeutions. They 
consist of thick, apparently viscid matter, which in 
the exterior tentacles is of a piirplish, and in the 
short discal tentacles of a greenish, colour. These 
little masses incessantly change their forms and posi- 
tions, being never at rest. A single mass will often 
separate into two, which afterwards reunite. Their 
movements are rather slow, and resemble those o£ 
AmoebiB or of the white corpuscles of the blood. We 
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may, therefore, conclude that they consist of proto* 1 
plasm. If their shapes are sketched at intervals, i 
of a few minutes, they are invariably seen to have j 
undergone great changes of form ; and the same f 
cell has been observed for several hours. Eight rude, 
though accurate sketches of the same cell, made at i 
intervals of between 2 m. or 3 m., are here given j 
(fig. 7), and illustrate some of the simpler and com- 
monest changes. The cell A, when first sketched, ' 
included two oval masses of purple protoplasm touch- 
ing each other. These became separate, as shown 
at B, and then reunited, as at C, After the next 
iutervul a very common ajjpearauce was presented — 
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D, namely, the foimation of an extremely minute 
Bphere at one end of an elongated mass. This rapidly 
increased in size, as shown in E, and was then re- 
ahsorbed, as at F, by which time another sphere had 
been formed at the opposite end. 

The cell above figured was ii'om a tentacle of a dark 
red leaf,, which had caught a small moth, and was 
examined under water. As I at first thought that the 
movements of the masses might be due to the absorp 
tion of water, I placed a fly on a leaf, and when after 
18 hrs. all the tentacles were well inflected, these were 
examined without being immersed in water. The cell 
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here represented (fig, 8) was from this leaf, being 
sketched eight times in the course of 15 m. These 
sketches exhibit some of the more remarkable changes 
which the protoplasm undergoes. At first, there was 
at the base of the cell 1, a little mass on a short 
footstalk, and a larger mass near the upper end, and 
these seemed quite separate. Nevertheless, they may 
have been connected by a fine and invisible thread of 
protoplasm, for on two other occasions, whilst one 
mass was rapidly increasing, and another in the same 
cell rapidly decreasing, I was able by varying the 
light and using a high power, to detect a connecting 
thread of extreme tenuity, which evidently served as 
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the channel o£ communication between the two. On J 
the other hand, such connecting thi-eads are some- ' 
times seen to break, and their extremities then I 
quickly become dub-headed. The other sketches in ] 
fig. 8 show the forma successiyely assumed. 

Shortly after the purple fluid within the cells haa | 
become aggregated, the little masses float about in a 
colourless or almost colourless fluid ; and the layer 
of white granular protoplasm which flows along the 
walls can now be seen much more distinctly. The 
stream flows at an irregular rate, up one wall and 
down the opposite one, generally at a slower rate 
across the narrow ends of the elongated cells, and so 
round and round. But the current sometimes ceases. 
The movement is often in waves, and their crests ' 
sometimes stretch almost across the whole width of 
the cell, and then sink down again. Small spheres of ' 
protoplasm, apparently quite free, are often driven by 
the current round the cells ; and filaments attached 
to the central masses are swayed to and fro, as if 
struggling to escape. Altogether, one of these colls 
with the ever changing central masses, and with the 
layer of protoplasm flowing round the walls, presents 
a wonderful scene of vital activity. 



Many ohKervntjonB were ntado on the contents of the cells 
whilst undergoing the procesa of a^regation, but I shall detail 
only a. few caeea imdeT dificrent heads. A small portion, of a 
leaf was cut off, placed under a high power, and the glands 
very gently preaBed. iinder a compressor. In 15 m. I distinctly 
saw extremely minute Bpheree of protoplasm aggregating them- 
eeWes in the purple fluid; these rapidly increased in size, both 
within the cells of the glands and of the upx>er ends of the 
pedicels. Particles of glass, cork, and cinders were also placed 
on the glands of many tentacles ; in 1 hr. several of them were 
inflected, but after 1 hr. 85 m. there was no aggregation. Other 
tentacles with these particles were examined after 8 hrs.. and 
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nor all their cells bad imdor^oiic aggregation ; so had the colls 
of the exterior tentoclea which had become mflectM through 
the irritFition transmitted irom the glands of the dieo, on which 
the transported particles rested. This was likewise the case with 
the sliort t«iitaoleB round tho margins of the disc, which had not 
as yet become inflected. This latter fact shows that the pro 
oess of aggregation is independent of the inflection of the t*ai- 
tacles, of which indeed we have other and abundant evidence. 
Again, the exterior tentacles on three leaves were carefuJlf 
examined, and found to contain onl; homogeneous purple flaid ; 
little bits of thread were then placed on the glands of three of 
them, and after 22 bra. the purple fluid in their ceils almost 
down to their bases was aggr^ated into innumerable, spherical, 
eloi^ated, or filamentous masses of protoplasm. The bits of 
tliread had been carried some time previously to the central 
disc, and this had caused all the other tentacles to become 
somewhat inflected; and their cells had likewise undergone 
aggregation, which however, it should be observed, had not 
as ;et exteudod down to tl>cii Loses, but was confined to the 
cells close beneath the glands. 

Not only do repeated touches on the glands* and the contact 
of minnte particles cause aggregation, but if glands, without 
being themselves injured, are cut off from tho summits of the 
pedicels, this indaces a moderate amount of aggregation in the 
headless tentacles, after thej have become inflected. On tho 
other hand, if glands are suddenly crushed between pincers, as 
was tried in sis cases, the tentacles soom paraijaed by so great 
a shock, for they neither become inflected nor cshibit any signs 
of aggK^tion. 

VaHtonale of Ammoiiia. — Of all the causes inducing aggrega- 
tion, that which, as for as I have seen, autfi the quickest, and is 
the moat powerful, is a solution of carbonate of ammonia. What^ 
ever its strength may be, the glands are always affected first, 
and soon become quite opaque, so as to appeat black. For 
instance, I placed a loaf in a few drops of a strong solution, 
namely, of one part to 116 of water (or 3 gre. to 1 oz.), and 
observed it under a high power. All the glands began to 



* Judging from an ncoaimt of 
M. Heckul'B obeervationa, which 
I have Duly juat eeun quoted in 
ths ' Gardener's Chronicle ' (Oct. 
ID, IS71), be appears to have 
observed a eimiliu phcr "- 



the Btomens of Berberta, aftci 
they have been excited by a 
touch and have moved; for ho 
saya, " the contents of each indi- 
vidual cell ore collected toj^tbcr 
in the centre of the cavity." 
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dftrkfin in 10 s. (seconds); and in 13 b. ivere conspiotiouslj' 1 
darker. In 1 in, estremely amall spherical masses of protoplaeni 
could be seen arising in the calls of the pedicela close benealb 
the glimdiS, as well as in the cnshionB on which the long- 
headed mai^inal glands rest. In Eevcral cases the process 
travelled down the pedicela for a length twice or thrice as grent 
as that of tlie glande, in about 10 m. It was interestiiig to 
observe tho process momentarily arrested at each transverBe 
jiartition between two cells, aod then to see the transparont 
contents of the cell next below almost flaehiue into a cloady 
maaa. In the lower part of the pedicels, the action proceeded 
slower, HO that it took about 20 m, before the cells halfway 
down the long marginal and eubmarginal tentacles became 
aggrt^tod. 

We may infer that the carbonate of aiamouia is absorbed hy 
the glands, not only from its action being so rapid, but from ita 
effect being somewhat different from that of other salts. As the 
glands, when ratcjttjd, secrete an acid belonging to tho acetio I 
series, the carbonate is prohably at onco converted into a J 
salt of this series ; and we shall presently see that the acetate 
of ammonia causes aggregation almost or- quite as energetically 
as does the carbonate. If a few drops of a solution of one part of 
the carbonate to 437 of water (or I gr. to 1 oz.) be added to tha 
purple fluid which erodes from crushed tentacles, or to paper 
stained by being rubbed with them, tho fluid and the paper are 
changed into a pale dirty green. Nevertheless, some purple 
colour could still be detected after I hr. 30 m, within the glands 
of a leaf left in a solution of twice the above strength (viz. 
2 grs. to 1 oz,) ; and after 34 hrs. the cells of the pedicels close 
beneath the glands still contained spheres of protoplasm of a 
fine purple tint. These facts show that tho ammonia had not 
entered as a carbonate, for otherwise tho colour would have 
been discharged. I have, however, sometimes observed, espe- 
cially with the long-headed tentacles on the margins of very pale 
leaves immersed in a solution, that the glands as well as the 
upper cells of the pedicels were discoloured ; and in those cases 
1 presume that the unchanged carbonate had been absorbed. 
The appearance above described, of the aggregating procesa 
being arrested for a short time at each transverse partition, 
impresses the mind with the idea of matter passing downwards 
from cell to cell. Sut as the cells one beneath the other 
undergo abrogation when inorganic and insoluble particles are 
placed on the glands, the process must be, at least in these 
casoa, one of molecular change, transmitted from the glands, 
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independently of the absorption of any matter. So it may pos' 
sibly be in the case of the carbonate of ammonia. As, how- 
ever, the aggregation caused by this salt travels down the 
tentacles at a quicker rate than when insoluble particles are 
placed on the glands, it is probable that ammonia in some form 
is absorbed not only by the glands, but passes down the 
tentacles. 

Having examined a leaf in water, and found the contents of the 
cells homogeneous, I placed it in a few drops of a solution of one 
jMurt of the carbonate to 437 of water, and attended to the cells 
immediately beneath the glands, but did not use a very high 
power. No aggregation was visible in 3 m. ; but after 15 m. 
small spheres of protoplasm were formed, more especially 
beneath the long-headed marginal glands; the process^ how- 
ever, in this case took place with unusual slowness. In 25 m. 
conspicuous spherical masses were present in the cells of the 
pedicels for a length about equal to that of the glands ; and 
in 3 hrs. to that of a third or half of the whole tentacle. 

If tentacles with cells containing only very pale pink fluid, 
and apparently but little protoplasm, are placed in a few drops 
of a weak solution of one part of the carbonate to 4375 of 
water (1 gr. to 10 oz.), and the highly transparent cells beneath 
the glands are carefully observed under a high power, these 
may be seen first to become slightly cloudy from the formation 
of numberless, only just perceptible, granules, which rapidly 
grow larger either from coalescence or from attracting more 
protoplasm from the surrounding fluid. On one occasion I 
chose a singularly pale leaf, and gave it, whilst under the 
microscope, a single drop of a stronger solution of one part to 
437 of water; in this case the contents of the cells did not 
become cloudy, but after 10 m. minute irregular granules of 
protoplasm could be detected, which soon increased into 
irregular masses and globules of a greenish or very pale purple 
tint ; but these never formed perfect spheres, though incessantly 
changing their shapes and positions. 

With moderately red leaves the first eflPect of a solution of the 
carbonate generally is the formation of two or three, or of 
several, extremely minute purple spheres which rapidly increase 
in size. To give an idea of the rate at which such spheres 
increase in size, I may mention that a rather pale purple leaf 
placed under a slip of glass was given a drop of a solution of 
one part to 292 of water, and in 13 m. a few minute spheres of 
protoplasm were formed ; one of these, after 2 hrs. 80 m., was 
about two-thirds of the diameter of the coll. After 4 hrs. 25 m. 
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it nearly eqnnlled the c«ll in diajneter; and a second Hpliei 
about lialf as largo as the first, together with a few other 
ininate ones, were formed. After 6 hrs. the fluid in which these 
BphereB floated wqb almost ooloiirltisa. After 8 hrs. 35 m. (alwaja 
reckoning from the time when the solution was first added) fonr 
new minnte spheres had appeared. Next morning, aft«r 
theft were, besides the two large spheres, seven smaller ones, 
floating in absolutely colourless flnid, in which some floccoleat 
greenish matter was anspended. 

At the conunencemeut of the process of aggregatimi, more 
especially in dark red leaves, the contents of the cells often 
present & different appcaraace, as if the layer of protoplnsni 
(primordial utricle) which lines the cells had separated itself 
and shmnk from the walls ; an irregularly shaped purple bag 
being thus formed. Other fluids, besides a solution of the caiv 
bonate, for instance an infusion of raw meat, produce 
effect. But the appearance of the primordial utricle shrinking 
from tlie walls is certainly fitlse ;* for liefore giving the solution, 
I saw on several occasions that the walls were lined with colour- 
less flowing protoplasm, and after the bag-like masses wore 
formed, the protoplasm was still flowisg along the walls 
conspicnoUB manner, even more so than before. It appeared 
indeed as if the stream of protoplasm was strengthened by tlio 
action of the carbonate, but it was imposaihle to ascertain 
whether this was really the ease. The bag-like masses, when 
once formed, soon begin to glide slowly round tlie ceils, some- 
times sending out projections which separate into little spheres ; 
other spheres appear in the fluid surrounding the bags, and 
these travel much more quickly. That the small spheres aro 
separate is often shown by sometimes one and then another 
travelhng in advance, and sometimes they revolve round each 
other. I have occasionally seen spheres of this kind proceeding 
up and down the same side of a cell, iust<^ of round it I'he 
bag-like masses after a time generally divide into two rounded 
or oval masses, and these undergo the changes shown in figs. 7 
and 8. At other times spheres appear within the bags; and 
these coalesce and separate in an endless cycle of change. 

After leaves have been left for several hours in a solntioa of 
the carbonate, and complete aggregation has been eflTected, the 

• With other plants I have caused by > solution of earbonata 

often seen what appears to be a nf annnonia, as likewise followi 

true shriuldiig of the primonllal from mechanical inJuHea. 
it'iole from tLe walla of tbe oells. 
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etream of protoplasm on tho waUs of tho cells cnssos to he 
fisiblo; I observtid this fact repeatedly, but will gi've oulf otio 
mstftnco. A pale purple leaf waa placed iu a few drops of a 
BOlntion of one port to 292 of water, oud in 2 his. some fine 
purple spheres were formod in the upper cella of the podiccla, 
the stream of protoplasm round Oieir walla being etill quite 
distinct; but after on additifiiiai i hrs., during which time 
many more Epheres were formed, the stream was no longer 
diatingiiiahable on the most carofal esajuination ; and this no 
doubt was due to Uie contained granules haTiug become unittd 
with the spheres, so that nothing was left bj which tho move- 
ment of the limpid protoplasm eould be perceived. Sot minute 
free spheres still travelled up and down tho colls, showing that 
there was still a current. So it was next morning, after 22 hia., 
by whioh time some new minut« spheres had been formed; 
these oscillated from side to side and changed their positionB, 
proving that the current had not ceased, though no stream of 
protoplasm vras viaibla On another occoaioa, however, a 
etreum was seen flowing round the cell-walls of a vigorouS, 
dark- coloured leaf, after it had been left for 24 hrs. in a rather 
stronger solution, namely, of one part of the carbonate to 218 of 
wal<T. This leaf, therefore, was not much or at all injured by 
an immersion for this length of tirao in the above solution of 
two gi'sins to the ounce ; and on being afterwards left for 24 hra. 
in water, the f^gregatfid niaBsea in many of the cells were re- 
dissolved, in the same manner as occurs with leaves in a state of 
nature when they re-expand after havmg caught insects. 

In a leaf which had been left for 22 hrs, in a solution of one 
part of the carbonate to 232 of water, some spheres of proto- 
plasm (formed by the self-division of a bag-Like moss) were 
gently pressed beneath a covemg glass, and then exftmincd 
under a high power. They were now distinctly divided by 
well-defined radiating fissures, or were broken up into separate 
fragments with sharp edges; and they were solid to the centre. 
In the larger broken spheres the control part was more opaque, 
darker-coloured, and leas brittle than the exterior ; the latter 
alone being in some cases penetrated by the fissures. In many 
of the epheres the line of separation lietween the outer and 
inner ports was tolerably well defined. The outer parts 
exactly tho same very pale purple tint, as that of the last 
formed smaller spheri;s; and these ktter did not include any 
darker central core. 

Prom these several facts we may conclude that when vigorous 
dark-colonrod leaves are subjected to tho action of carbonate 
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ammonift, tlio fluid within the cells of the tonfacles often aggre- 
gates ext^riorl; into cobereut TiEcid. matter, formiiig a, kiud of ' 
bag. Small Bpheres sometimes appear withia this bag, and the 
whole generally soon divides into two or more spheres, which 
repeatfidlf coalesce and rodivide. Aftec a ion;^ or shotj.ei' 
time the granules in the colonrless layer of protoplaam, which 
flows round the walls, are drawn to and unite with the larger 
spheres, ei form small independent spheres ; these latter being of 
a much paler colour, and more brittle thaa the first aggregated 
masses. After the granules of protoplasm have been thus 
attracted, the layer of flowing protoplasm can no longer be dis- 
tingniBhed, though a current of hmpid fluid still flows round 
the walls. 

If a leaf is immersed in a very strong, almost concentrated, 
solution of carbonate of ammonia, the glands are instantly 
hlacfcened, and they secrete copiously ; but no movement of the 
tentacles ensues. Two laavoa thus treated became after 1 hr. 
flaccid, and seemed killed; all the cells in their tentacles con- 
tained spheres ot protoi>lasm, but those were small and dis- 
coloured. Two other leaves were placed in a solution not quite 
so stronp, and there was well-marked aggregation in 30 m. 
Aftei' 24 hrs. the spherical or more commonly oblong masses ot 
protoplasm became opaque and granular, instead of being as 
usual translucent; and in the lower cells there were only 
innumerable minute spherical granules. It was evident that 
the strength of the solution had interfered with the completion 
of the proceBB, as we shall see hkewise follows from too great 

All the foregoing observations relate to the estcrior tentacles, 
which are of a purple colour; but the green pedicels of the 
short central tentacles are acted on by the carbonate, and by 
Bu infusion of raw meat, in exactly the some manner, with the 
sole difference that the aggregated masses are of a greenish 
colour ; so that the process is in no way dependent on the 
oolouT of the fluid within the cells. 

Finally, the moat remarkable tad with respect to this Bait is 
the extraordinary small amount which sufSces to cause aggre- 
gation. Full details will be given in the Beventh chapter, and 
here it will be enoiigh to say that with a sensitive leaf the 
alisorption by a gland of i,^^nt, °^ " grain (-000489 mgr.) is 
enough to cause in the course of one hour well-marked aggrega- 
tion in the cells immediately beneath the gland. 

The Effects ^certain other SMs and FltiirU.— Two leaves were 
placed in a solution of one iiart of acetat*' of ammonia to about 
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146 of water, and were acted on quite as energetically, but 
perhaps not quite so quickly, as by the carbonate. After 10 m. 
the glands were black, and in the cells beneath them there were 
traces of aggregation, which after 15 m. was well marked, extend- 
ing down the tentacles for a length equal to that of the glands. 
After 2 hrs. the contents of almost all the cells in all the ten- 
tacles were broken up into masses of protoplasm. A leaf was 
immersed in a solution of one part of oxalate of ammonia to 
146 of water; and after 24 m. some, but not a conspicuous, 
change could be seen within the cells beneath the glands. 
After 47 m. plenty of spherical masses of protoplasm were 
formed, and these extended down the tentacles for about the 
length of the glands. This salt, therefore, does not act so 
quickly as the carbonate. With respect to the citrate of am- 
monia, a leaf was placed in a little solution of the above 
strength, and there was not even a trace of aggregation in the 
cell& beneath the glands, until 56 m. had elapsed ; but it was 
well marked after 2 hrs. 20 m. On another occasion a leaf 
was placed in a stronger solution, of one part of the citrate to 
109 of water (4 grs. to 1 oz.), and at the same time another 
leaf in a solution of the carbonate of the same strength. The 
glands of the latter were blackened in less than 2 m., and 
after 1 hr. 45 m. the aggregated masses, which were spherical 
and very dark-coloured, extended down all the tentacles, for 
between half and two-thirds of their lengths ; whereas in the 
loaf immersed in the citrate the glands, after 30 m., were of 
a dark red, and the aggregated masses in the cells beneath them 
pink and elongated. After 1 hr. 45 m. these masses extended 
down for only about one-fifth or one-fourth of the length of the 
tentacles. 

Two leaves were placed, each in ten minims of a solution of 
one part of nitrate of ammonia to 5250 of water (1 gr. to 
12 oz.), so that each leaf received -^ of a grain ('1124 mgr.). 
This quantity caused all the tentacles to be inflected, but after 
24 hrs. there was only a trace of aggregation. One of these 
same leaves was then placed in a weak solution of the car- 
bonate, and after 1 hr. 45 m. the tentacles for half their lengths 
showed an astonishing degree of aggregation. Two other 
leaves were then placed in a much stronger solution of one part 
of the nitrate to 146 of water (3 grs. to 1 oz.) ; in one of these 
there was no marked change after 3 hrs.; jjut in the other 
there was a trace of aggregation after 52 m., and this was 
plainly marked after 1 hr. 22 m., but even after 2 hrs. 12 m. 
there was certainly not more aggregation than would have fol- 
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lowed from tm immerBion of from 6 m. to 10 n 
strong Golution of the utrbounto. 

Lastly, a leaf was placed in thirty minims of a solution of 
one part of phosphat* of ammtmta to 43,750 of wntor (1 gr. to 
100 oz.), BO tliat it received -j^W of a grain (04079 mgr.); tliia 
soon caused tke tentacles to tw etrongly inflected; and after 
21 hrs. the contents of the cells weio aggregated into oval 
and iiTeguIorlj globular maBses, with a conspiunoua cnrrent of 
protoplasm flowing round the walls. But after bo long aa 
inlcrval aggregation wonid have ensued, whatever hod caused 
inflection. 

Only a few other salts, liesidea those of ammonia, were tried 
in relation to the process of aggregation. A leaf was placed in 
a solution of one port of chloride of Eodium to 218 of water, and 
after 1 hr. the contents of the cells were aggregated into small, 
irregularly glohular, brownish masses ; these after 3 his. were 
almost disintegrated and pnlpy. It was evident that the proto- 
plasm had been injurious!; affected; and soon afterwards some 
of the cells appeared quite empty. Tliese effects differ alto- 
gether from those produced by the several salts of ammonia, 
as weU as hj various organic fluids, and by inorganio partioleB 
placed on the glands. A solution of the same strength of car- 
bonate of soda and carbonate of potash acted in nearly the same 
manner as the chloride; and here again, after 2 hrs. 30 m., the 
outer cells of some of the glands had emptied themselves of 
their brown pulpy contents. We shall see in the eighth 
chapter that solutionB of several salts of soda of half the alwve 
strength cause inflection, but do not injure the leaves. Weak 
solutions of sulphate of quinine, of nicotine, camphor, poison of 
the cobra, &g., soon induce well<marked aggregation ; whereas 
certain other suhstancea (for instance, a solution of curare) 
have no such tendency. 

Many adds, though much diluted, are poisonous ; and though, 
as will be shown in the eighth chapter, they cause the ten- 
tacles to bend, they do not excite true ^gregation. Thns leaves 
were placed in a solution of one part of Iwnzoic acid to 437 of 
water; and in 15m. the purple fluid within the cells had shrunk 
a little from the walls, yet when carefully examined after 1 hr. 
20 ni., there was no true aggregation ; and after 24 hrs. the leaf 
was evidently dead. Other leaves in iodic acid, diluted to tha 
same degree, sliowed after 2 hrs. 15 m. the same shrunkou 
appearance of tlie purple fluid wittiin the cells ; and these, 
after 6 hra. 15 m., were seen under a high jxtwer to be filled 
irith ezcesGiTely minute spheres of dull reddish protoplasm. 
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which by the next morning, after 24 hre,, had almost dis- 
appeared, the leaf being eTideotlj dead. Not vas there »d; true 
aggregntion in leaves immersed in propionic acid of the » 
strength; but in this cose tbe protoplasm was collectod in 
irregular masses towards the bases of the lower cells of tbe 
teotacles. 

A filtered infusion of raw meat induces strong aggregation, 
but not very quickly. In one leaf thus immersed there was a 
little aggregation aft«r 1 hr. 20 m., and in anotlier after 1 iir. 
50 m. With other leaves a considerably longer time iras I'o 
quired : for inatancfl, one immersed for 5 brs. showed no aggre- 
gation, bnt was plainly acted on in 5 m,, whvn placed in a Tew 
drops of a solution of one part of uarbonate of ammonia to 146 
of walflr. Some leaves were left in tie infusion for 24 hrs,, 
and these became aggregated to a wonderful degree, so thai 
the inflected tentacles presenlcd to tbe naked eye a plainly 
muttled appearauc«. The httle masses of purple protoplasm 
were generally oval or beaded, and not nearly so often spherical 
as in the case of leaves subjected to carlxinal« of ammonia. 
They underwent incessant changes of form; and tbe current of 
colourless protoplasm round the walla was conspicuously plain 
after an immersion of 25 hrs. Baw meat is too powerful a 
stimulant, and even email bits generally injure, and sometimes 
Mil, tbe leaves to which they am given : the aggregated muGses 
of protoplasm become dingy or almost colourless, and present 
an unusual granular appearance, as is likewise the ca^ with 
leaves which have been immersed in a very strong solution of 
carbonate of ammonia. A leaf placed in milk had the contcnfa 
q[ its cells somewhat aggregated in 1 hr. Two other leaves, 
one immersed in human Baiiva for 2 hrs. 30 m., and another 
in unboiled white of egg for 1 hr. 30 m., were not acted on in 
this manner; though they undoubtedly would have been so, 
had more time been allowed. These samo two leaves, on being 
afterwards placed in a solution of carbonate of ammonia (3 grs. 
la 1 oz.), bad their cells a^regated, the one in 10 m. and the 
other in S m. 

Several leaves were loft for 4 hvs. 
part of white sugar to 146 of water, and n 
on being placed in a solution of this s 
of ammonia, they were acted on in 5 1 
which had been left for I hr. 45 m. in 

tion of gnm arable. Several other leaves were immersed for 
some hours in denser eolations of sugar, gnm, and starch, and 
thej had the contents of their cells greatly aggregated. Thii 



a solution of one 
o aggregation ensued- 
le strength of carbonate 
a likewise a leaf 
moderately thick sohi- 
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effect may be attributed to exosmose ; for the leaves in 
Byrup became quite flaccid, and thoee ia the gum oud etarcti I 
Bomewhat flaccid, with their tentaclea twisted about in tho 1 
most irrt^Iar manner, the longer ones like curkscrewB. 
shall hereafter see that fiolutiotis of these aubstances, whea I 
placed on the discs of leaven, do not incite inflection, Forticiea 1 
of soft Bugar were added to the eecretion round seTeral glonda J 
and were soon dissolved, oaaaing a great increase of the secra- T 
tion, no doabt by esosmose ; and after 24 hrs. the cells showed i 
a certain amount of aggregation, though the tentacles worn 1 
not inflected. Glycetiuo caueee in a few minutes well-pro- 1 
nounccd aggregation, commencing as usual within tlie glands [ 
and then travelling down the tentacles; and this I presume 
may be attributed to the strong attraction of thia snlistanco 
for water. ImmerGion for several hours in water causes some 
degree of f^gregation. Twenty leaves were first carefully 
examined, and re-examined after having been left immersed 
in distilled water lor various periods, with the following results. 
It is rare to find even a trace of aggregalion until 4 or 5 
and generally not until several more hours have elapsed. 
When however a leaf becomes quickly inflected in water, as 
sometimes happens, especially during very warm ■weathei", 
aggregation may occui- in little over 1 hr. In all cases 
leaves left in water for more than 24 hrs. have their glands 
blackened, which shows that their contenta are aggregated; 
and in the specimena which were carefully examined, there 
was fairly well-marked Bggregatioa iu the upper cells of the 
pedicels. These trials wore made with cut-off leayes, and it 
occurred to me that this circumstance might influence the 
result, as the footstalks would not perhaps absorb water quickly 
enough to supply the glands as they continued to secrete. 
But this view was proved erroneous, for a plant with uninjured 
roots, bearing four leaves, was submerged in distilled water for 
47 hrs., and the glands were blackened, though the tentacles 
were very little inflected. In one of these leaves there was only 
a slight degree of aggregation in the tentacles; in the second 
rather more, the purple contents of the cells being a little 
separated from the walla ; ia tho tliird and fourth, which were 
pale leaves, the aggregation in the up]ier parts of the pedicels 
was well marked. In these leaves the little raaasea of proto- 
plasm, many of which were oval, slowly changed their forms 
and positions so that a submergence for 47 hrs. had not killed 
the protoplasm. In a previous trial with a submerged plantj 
the tentacles wore not in tho least indected. 
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Heat induces aggregation. A leaf, with the cells of the 
tentacles containing only homogeneous fluid, was waved about 
for 1 m. in water at 130° Fahr. (64°-4 Cent.), and was then 
examined under the microscope as quickly as xx>ssible, that 
is in 2 m. or 3 m.; and by this time the contents of the 
cells had undergone some degree of aggregation. A second leaf 
was waved for 2 m. in water at 125° (61°*6 Cent.) and quickly 
examined as before; the tentacles were well inflected; the 
purple fluid in all the cells had shrunk a little from the walls, 
and contained many oval and elongated masses of protoplasm, 
with a few minute spheres. A third leaf was left in water at 
125°, until it cooled, and when examined after 1 hr. 45 m., the 
inflected tentacles showed some aggregation, which became 
after 3 hrs. more strongly marked, but did not subsequently 
increase. Lastly, a leaf was waved for 1 m. in water at 120° 
(48°*8 Cent.) and then left for 1 hr. 26 m. in cold water ; the 
tentacles were but little inflected, and there was only here and 
there a trace of aggregation. In all tthese and other trials 
with warm water the protoplasm showed much less tendency 
to aggregate into spherical masses than when excited by car- 
bonate of ammonia. 

Itedissolution of the Aggregated Masses of Protoplasm, — As soon 
as tentacles which have clasped an insect or any inorganic 
object, or have been in any way excited, have fully re-expanded, 
the aggregated masses of protoplasm are redissolved and dis- 
appear ; the cells being now refilled with homogeneous purple 
fluid as they were before the tentacles were inflected. The 
process of redissolution in all cases commences at the bases of the 
tentacles, and proceeds up them towards the glands. In old 
leaves, however, especially in those which have been several 
times in action, the protoplasm in the uppermost cells of the 
pedicels remains in a permanently more or less aggregated con- 
dition. In order to observe the process of redissolution, the 
following observations were made : a leaf was left for 24 hrs. in 
a little solution of one part of carbonate of ammonia to 218 of 
water, and the protoplasm was as usual aggregated into number- 
less purple spheres, which were incessantly changing their 
forms. The leaf was then washed and placed in distilled water, 
and after 3 hrs. 15 m. some few of the spheres began to show by 
their less clearly defined edges signs of redissolution. After 
9 hrs. many of them had become elongated, and the surround- 
ing fluid in the cells was slightly more coloured, showing 
plainly that redissolution had commenced. After 24 hrs., 
though many cells still contained spheres, here and there one 
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oould bo Been filled with pi\rple fluid, without s. Testige 
aggregated protoplasm ; tbe whole having been redissolved. 
leaf with aggregated mosses, caused by its having been wavedj 
for 2 in. in water at the temperature of 125" Falir., woe left in 
cold water, and after 11 his. the protoplasm showed tracee 
of incipient redissolution. When again einmined three duys 
after its imniorRion in the warm water, there was a conspicnons 
difference, though the protoplasm was still eomewhat aggre- 
gated. Another leaf, with the contents of all the cells strongly 
aggregated from the acUon of a weak solution of phosphate of 
ammonia, was left for between three and four days in a mixture 
(known to be innocuous) of one drachm of alcohol to eight 
druohms of water, and when ro-esarained every trace of aggre- 
gation had disappeared, the cells being now filled with homo- 
geneous fluid. 

We have seen that leaves immersad for some hours in deiisa 
solutions of sugar, gum, and starch, h.ive the contonta of their 
eells greatly aggregated, and are rendered more or less flaccid, 
with the Ifintaelea irrt^larly contorted. These leaves, after 
being left for four days in distilled water, became less flaccid, 
with their tentacles partially re-expanded, and the aggre- 
gated masses of protoplasm were partiaUy redissolved. A leaf 
with its tentacles closely clasped over a fly, and with the con- 
tents of the cells strongly aggregated, was placed in a little 
sherry wine; after 3 hrs. seTeral of the tentacles had re- 
expanded, and the others could by a mei'e touch be pushed back 
into their properly expanded positions, and now all traces of 
aggregation had disappeared, the cells beingfilled with perfectly 
homogeneoos pink fluid. The rediseolntion in those coses may, 
I presume, be attributed to endosmose. 



On the Proximate Causes of the Process of Aggregation. 

As most of the stimulants which cause the inflection 
of the tentacles likewise indnce aggregation in the 
contents of their cells, this latter process might be 
thought to be the direct result of iuflection ; but this 
is not the case. If leaves are placed in rather strong 
solutions of carbonate of ammonia, for instance of 
three or four, and even sometimes of only two grains 
to the ounce of water (i.e. one part to 109, or 146, oi 
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218, of water), the tentacles are paralysed, and do not 
become inflected, yet they soon exhibit strongly 
marked aggregation. Moreover, tLe aliurt central 
tentacles of a leaf whicli has been immersed in a 
weak solution of any salt of ammonia, or in any 
nitrogenoua organic fluid, do not become in the least 
inflected; neverthelesa they exhibit all the pheno- 
mena of aggregation. On the other hand, eeveral 
acids cause strongly pronounced inflection, bat no 
aggregation. 

It is an important fact that when an organic or in* 
organic object is placed on the glands of the disc, 
and the exterior tentacles are thus caused to bend 
inwards, not only is the secretion from the glands of 
the latter increased in quantity and tendered acid, 
but the contents of the cells of their pedicels become 
aggregated. The process always commences in the 
glands, although these have not aa yet touched any 
object. Some force or influence must, therefore, be 
traiksmitted from the central glands to the exterior 
tentacles, first to near their bases causing this part to 
bend, and nest to the glands causing them to secrete 
more copiously. After a short time the glands, thus 
indirectly excited, transmit or reflect some influence 
down their own pedicels, inducing aggregation in cell 
beneath cell to their bases. 

It seems at first sight a probable view that aggrega- 
tion ia due to the glands being excited to secrete more 
copiously, 80 that sufficient fluid is not left in their 
cells, and in the cells of the pedicels, to hold the 
protoplasm in solution. In favour of this view is the 
fact that aggregation follows the inflection of the 
tentacles, and during the movement the glands gener- 
ally, or, as I believe, always, secrete more copiously 
than they did before. Again, during the rc-exjiansion 
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of the tentacles, the glands secrete leB3 freely, or quitefl 
cease to soerute, and the aggregated masses of prob 
plasm are then rediBSolTod. Moreover, when leavesJ 
are immersed in dense vegetable solutions, or ini 
glycerine, the fluid within the gland-cella passes onl^J 
wards, and there is aggregation; and when the leavesJ 
are afterwards immersed in water, or in an innocuongj 
fluid of leas specific gravity than water, the protoplasm 
is redissolved, and this, no doubt, is due to endosmoso.-] 
Opposed to this view, that aggregation is caused by 1 
the outward passage of fluid from the cells, are the ' 
following facts. There seems no close relation between 
the degree of increased secretion and that of "aggre- ■ 
gation. Thus a particle of sugar added to the secrfr- , 
tion round a gland causes a much greater increase of 
secretion, and much lesa aggregation, than does a 
particle of carbonate of ammonia given in the 
manner. It does not appear probable that pure water 
would cause much exosmoae, and yet aggregation 
often follows from an immersion in water of between 
16 hrs. and 24 hrs., and always after from 24 hrs. to 
48 hrs. Still less probable is it that water at a tempe- 
rature of from 125" to 130^ Fahr. {5r-G to 54°-4 Cent.) 
should cause fluid to pass, not only from the glands, 
but from all the cella of the tentacles down to their 
bases, so quickly that aggregation is induced within 
2 m, or 3 m. Another strong argument against 
this view is, that, after complete aggregation, the 
teres and oval masses of protoplasm float about 
in an abundant supply of thin colourless fluid ; ao 
that at least the latter stages of the process cannot 
due to the want of fluid to hold the protoplasm 
in solution. There is still stronger evidence that 
aggregation is independent of secretion ; for the pa- 
|>i]la3, described in the first chapter, with which the 
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leaves are Btndded are not glandular, and do not 
Becrete, yet tiiey rapidly absorb carbonate of ammonia 
or an ini'uaioii of raw meat, and their contents tben 
quickly undergo aggregation, which afterwards spreads 
into the cells of the surronnding tissues. We shall 
hereafter see that the purple fluid within the sensi- 
tive filaments of Dioniea, which do not secrete, like- 
wise undergoes aggregation from the action of a weak 
solution of carbonate of ammonia, 

The process of aggregation is a vital one ; by which 
I mean that the contents of the cells must be alive 
and uninjured to be thus affected, and they must be in 
an oxygenated condition for the transmission of the 
process at the proper rate. Some tentacles in a 
drop of wat«r were strongly pressed beneath a slip of 
glass; many of the cells were ruptured, and pulpy 
matter of a purple colour, with grantiles of all sizes 
and shapes, exuded, but hardly any of the cells were 
completely emptied. I then added a minute drop of 
s solution of one part of carbonate of ammonia to 
109 of water, and after 1 hr. examined the specimens. 
Here and there a few cells, both in the glands and in 
the pedicels, had escaped being ruptured, and their 
contents were well aggregated into spheres which were 
constantly changing their forms and positions, and a 
current could still be seen flowing along the walls; 
80 that the protoplasm was alive. On the other hand, 
the exuded matter, which was now almost colourless 
instead of being purple, did not exhibit a trace of 
aggregation. Nor was there a trace in the many 
cells which were ruptured, but which had not been 
completely emptied of their contents. Though I 
looked carefully, no signs of a current could be seen 
within these ruptured cells. They had evidently been 
killed by the pressure; and the matter which they 
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Btill contained did not undergo aggregation any 
than tliat wbicli bad exuded. In these specimens, att.! 
I may add, the inrlividuality of the life of each cell J 
was well illustrated. 

A full account will be given in the nest chapter of 
the efl'ects of heat on the leayes, and I need here only 
stale that leaves immersed for a short time in water at 
a temperature of 120° rahi. (48'''8 Cent.), which, as we 
have seen, does not immediately induce aggregation, 
were then placed in a few drops of a strong solution 
of one part of carbonate of ammonia to 100 of water, 
and became finely aggregated. On the other hand, 
leaves, after an immersion in water at 150" (65°'5 
Cent.}, on being placed in the some strong solution, 
did not undergo aggregation, the cells becoming filled 
with brownish, pulpy, or muddy matter. With leaves 
subjected to temperatures between these two extremes 
of 120" and 15U° Fahr. (48°-8 and 65°-5 Cent.), there 
were gradations in the completeness of the process ; 
the former temperature not preventing aggregation 
from the subsequent action of carbonate of ammonia, 
the latter quite stopping it. Thus, leaves immersed 
in water, heated to 130° (54°'4 Cent.), and then in the 
solution, formed perfectly defined spheres, but these 
were decidedly smaller than in ordinary cases. With 
other leaves heated to 140° (60° Cent.), the spheres 
were extremely small, yet well defined, but many of 
the cells contained, in addition, some brownish pulpy 
matter. In two cases of leaves heated to 145° (62°'7 
Cent.), a few tentacles could be found with some of 
their cells containing a few minute spheres; whilst 
the other cells and other whole tentacles included 
only the brownish, disintegrated or pulpy matter. 

The fluid within the cells of the tentacles must be 
in an oxygenated condition, in order that the force or 
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inBiience vhich induces aggregation should bo trana- 
mitted at the proper rate from cell to cell. A plant, 
with ita roots in water, was left for 45 m. in a Tesael 
containing 122 oz. of carbonic acid. A leaf from this 
plant, and, for comparison, one from a fresh plant, were 
both immersed for 1 hr. in a rather strong solution 
of carbonate of ammonia. Thoy were then compared, 
and certainly there was much less aggregation in the 
leaf which had been subjected to the carbonic acid 
than in the other. Another plant v/aa exposed in 
the same vessel for 2 hrg. to carbonic a«id, and one of 
its leaves was then placed in a ^solution of one port of 
the carbonate to 437 of water; the glands were in- 
stantly blackened, showing that they had absorbed, 
and that their contents were aggregated ; but in the 
cells close beneath the glands there was no aggre- 
gation even after an interval of 3 hra. After 4 hrs. 
15 m. a few minute spheres of protoplasm were formed 
in these cells, but even after 5 hrs. 30 m. the aggre- 
gation did not extend down the pedicels for a length 
equal to that of the glands. After numberless trials 
with fresh leaves immersed in a solution of this 
strength, I have never seen the aggregating action 
transmitted at nearly so slow a rate. Another plant 
was left for 2 hrs. in carbonic acid, but was then 
exposed for 20 m. to the open air, during which time 
the leaves, being of a red colour, would have absorbed 
some oxygen. One of them, as well as a fresh leaf 
for comparison, were now immersed in the same solu- 
tion as before. The former were looked at repeatedly, 
and after an interval of 65 m. a few spheres of 
protoplasm were first observed in the cells close be- 
neath the giiinds, but only in two or three of the 
longer tentacles. After 3 bra. the aggregation had 
travelled down the pedicels of a few of the tentacles 
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for a length equal to that of the glands. On the o 
hand, in the fresh leaf similarly treated, aggregatioi 
was plain in many of the tentacles after 15 m. ; a~ 
65 m. it had extended down the pedicels for four, i 
or more times the lengths of the glands; and afterl 
3 bra. the cells of all the tentacles were affected f 
one-third or one-half of their entire lengths. Hencefl 
there can be no doubt that the exposure of leaves tol 
carbonic acid either stops for a time the process of 1 
aggregation, or checks the transmission of the proper'! 
inflaence when the glands are subsequently excited.! 
by carbonate of ammonia; and this substance actSrl 
more promptly and energetically than any other. It 1 
ia known that the protoplasm of plants exhibits its 
spontaneous movements only as long as it is in an 
oxygenated condition; and so it is with the white 
corpuscles of the blood, only as long as they r 
oxygen from the red corpuscles ;' but the cases above I 
given are somewhat different, as they relate to the J 
delay in the generation or aggregation of the masses 1 
of protoplasm by the exclusion of oxygen. 

Summary and Concluding Remarka. — The process (rf J 
aggregation ia independent of the inflection of the 1 
tentacles and of increased secretion from the glands. 
It commences within the glands, whether these have 
been directly excited, or indirectly by a stimulus 
received from other glands. In both cases the pro- 
cess is transmitted from cell to cell down the whole 
length of the tentacles, being arrested for a short 
time at each transverse partition. With pale-coloured 
leaves the first change which is perceptible, but only 

• Witli respect lo plants, Bnchs, 'Quarterly Jnuroal of Micro i 
'TwitK d« B<it.,' 3rd edit., 1874, fcnpical Soience,' April 1874, f^ i 
o. 8(54. On blooil corpiisclee, see IM.^,' 
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under a liigh power, is tho appearance of the finest 
granules in the fluid within the cells, making it 
slightly cloudy. These granuIeB soon aggregate into 
small glohnlar masses. I have seen a cloud of thia 
kind appear in 10 s. after a drop of a solution of car- 
bonate of ammonia had been given to a gland. With 
dark red leaves the first visible change often is the 
conversion of the outer layer of the fluid within the 
cells into bag-like masses. The aggregated masses, 
however they may have been developed, incessantly 
change their forms and positions. They are not filled 
with fluid, but are solid to their centres. Ultimately 
the colourless granules in the protoplasm which flows 
round the walls coalesce with the central spheres or 
massea ; but there is still a current of limpid fluid 
flowing within the cells. As soon aa the tentacles 
fully re-expand, the aggregated masses are redis- 
solved, and the cells become filled with homogeneous 
purple fluid, aa they were at firet. The process of re- 
dissolution commences at the bases of the tentacles, 
thence proceeding ujiwarda to the glands ; and, there- 
fore, in a reversed direction to that of aggregation. 

Aggregation is excited by the most diversified 
causes,— by the glands being several times touched, — 
by tho pressure of particles of any kind, and as these 
are supported by the dense secretion, they can hardly 
press on the glands with the weight of a millionth of 
a grain," — by the tentacles being cut off close beneath 



• AiyjonUiig to HnfmoiBler (as 
quoted b; Bociie, ' Traiti.' de Bot.' 
IS'i, p. 95S), very eliglit pcea- 
Bure oil the cell-raeiubrane arresis 
linmediatet; the movenienla or 
the proloplaBm, add even deter- 
miaes its eepaTutJon from the 
walla. But the prooeBa of oggre- 




gntioQ IB a diffcTGtit phen 
aa it relitteg to thu contents oi tiie 
cells, and otilj 8ect>QdBrily to tho 
layor of protnplaem which (i'lwa 
along the walla ; though no doubt 
the eBoita of preaeuie or of ii 
touob on the outside mnat Ih 
trauBiuilti'd through thia layei. 
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the glands, — by tho glands absorbing various fluids o 
matter disaolved out of certain bodies, — by exoamose, — 
and by a certain degree of heat. On the other hand, 
a temperature of about 150" Fabr, (65°-5 Cent.) does 
not excite aggregation ; nor does the sudden crushing 
of a gland. If a cell is ruptured, neither the exuded 
matter nor that which still remains within the cell 
undergoes aggregation when carbonate of ammonia is 
added. A very strong solution of this salt and rather 
large bits of raw meat prevent the aggregated masses 
being well developed. Prom these facts we may con- 
clude that the protoplasmic fluid within a cell does 
not become aggregated unless it be in a living state, 
and only imperfectly if the cell has been injured. We ' 
have also seen that the fluid must be in an oxygen- T 
atcd state, in order that the process of aggregation! 
should travel from cell to cell at the proper rate. 

Various nitrogeooua organic fluids and salts of e 
monia induce aggregation, but in different degr 
and at very different rates. Carbonate of ammonia is 1 
the moat powerful of all known substances ; the ab- I 
sorption of xti'tt. o of a grain (•000'182 mg.) by a gland 1 
suffices to cause all the cells of the same tentacle to 1 
become aggregated. The first effect of the carbonate 
and of certain other salts of ammonia, as well as of , 
some other fluids, is the darkening or blackening of j 
the glands. This follows even from long immersion f 
in cold distilled water. It apparently depends 
chief part on the strong aggregation of their cell- 
contents, which thus become opaque, and do not 
reflect light. Some other fluids render the glands of 
a brighter red; whilst certain acids, though much 
diluted, the poison of the cobra-snake, &c., make the ' 
glands perfectly white and opaque ; and this seems to ■ 
depend on the coagulation of their contents without i 
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any aggregfttion. Neverthelesa, before being tlius 
affected, they arc able, at least in some eases, to esisite 
aggregation in their own tentacles. 

That the centrnl glands, if irritated, send centri- 
fiigally some influence to the exterior glands, causing 
them to send back a centripetal influence inducing 
aggregation, is perhaps the most interesting fact given 
in this chapter. But the whole process of aggrega- 
tion is in itself a striking phenomenon. Whenever 
the peripheral extremity of a nerve is touched or 
pressed, and a sensation is fel^ it is belioved that an 
invisible molecular change is Bent from one end of the 
nerve to the other; but when a gland of Drosera ia 
repeatedly touched or gently pressed, we can actually 
see a molecular change proceeding from the gland 
down the tentacle ; though this change is probably of 
a very different nature from that in a nerve. Finally, 
as so many and such widely different causes excite 
aggregation, it would appear that the living matter 
within the gland-cells is in so unstable a condition 
tliat almost any disturbance suffices to change its 
molecular nature, as in the case of certain chemical 
compounds. And this change in the glands, whether 
excited directly, or indirectly by a stimulus received 
from other glands, is transmitted from cell to cell, 
causing granules of protoplasm either to be actually 
generated in the previously limpid fluid or to coalesce 
and thus to become visible. 

Supplementary Observations o-h the Process of Aggre- 
gation in the Boots of Plants. 
It will hereafter be seen that a weak Eolufion ol the car- 
bonate of ammonia induces a^regatiou in the cells of the roots 
of BroEota ; and this led me to make a few trials on the roots 
of other plants. I dug np in the latter putt of October the 
first wQo.l wliiiHi 1 met with, viz. E'<ipharhia leflus, being care- 
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ful not to iujuro the roots ; these were washed and placed in 
Uttle solution of one part of Cftrbonate of ammonia to 146 
water. In less than one miniite I saw a cloud travelling it 
coll to cell up the roots, with wonderful rapidity. After t 
8 m. to 9 m. the fine granules, wliich caused this cloudy appi 
ance, became aggregated towards the eitremities of the roots 
into qnodrangular masses of brown matter; and some of these 
soon changed their forma and became spherical. Some of the 
cells, however, remained imnffocted. I repeated the experi- 
ment with another plant of the same species, but before 1 could 
get the specimen into focus onder the microscope, clouds of 
grannies and quadrangiilar masses of reddish and brown 
matter were formed, and had ma fer up all the roots, A fresh 
root was now left for 18 hrs. in a draclun of a solution of one 
part of the eatbouate to 437 of water, so that it received J o( 
a gi-ain, or 2'U24 mg. When examined, the cells of all the 
roots throughout their whole length contained aggregated 
masses of reddish and brown matter. Before making these 
experiments, several roots wore closely examined, and not a 
trace of the cloudy appearance or of the granular masses could 
bo seen in any of them. Boots were also immersed for 35 m. 
in a solution of one part of carbonate of potash to 218 of water- 
but this salt produced no effect. 

I may here add that thin slices of the stem of the Euphorbia 
were placed in the same solution, and the cells which were 
green instantly became cloudy, whilst others which were before 
colourless were clouded with brown, owing to the formation of 
numerous grannies of this tint. I have also seen with various 
kinds of leaves, left for some time in a solution of carbonate of 
ammonia, that the grains of chlorophyll ran together and 
partially coalesced ; and this seems to be a form of aggregation. 

Plants of duck-weed (Lemna) were left for between 30 m. and 
45 m, in a solution of one part of this same salt to 146 of water, 
and three of their roots were then examined. In two of them, 
all the cells which bad previously contained only limpid fiuid 
now included httia green spheres. After from IJ hr. to 2 hrs. 
similar spheres appeared in the cells on the borders of the 
leaves; but whether the ammonia had travelled np the roots or 
had been directly absorbed by the leaves, I cannot say. As one 
species, Lemna arrhiza, produces no roots, the latter alternative 
is perhaps the most probable. After about 21 hrs, some of the 
little green spheres in the roots were broken up into snial) 
granules which exhibited Brownian movements. Some duck 
weed was also left for 1 hr. 30 m, in a solution of one part ol 
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carbonate of potash to 218 of water, and no decided change 
conld be perceiyed in the cells of the roots; but when these 
Aame roots were placed for 25 m. in a solution of carbonate of 
ammonia of the same strength, little green spheres were formed. 
A green marine alga was left for some time in tins same solu- 
tion, but was yery doubtfully affected. On the other hand, a 
red marine alga, with finely pinnated fronds, was strongly 
affected. The contents of the cells aggregated themselyes into 
broken rings, still of a red colour, which yery slowly and 
slightly changed their shapes, and the central spaces within 
these rings became cloudy with red granular matter. The 
fia^ts here giyen (whether they are new, I know not) indicate 
that interesting results would perhaps be gained by obserying 
the action of yarious saline solutions and other fluids on the 
roots of plants. 
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CHAPTER IV. 

The Effects op Heat on the Leaves. 

IfahiTe of the experimeiitB — Effects of Ijoiling water — Warm wkMV 
causes rapid inQection — Water at a higher tempomtuie does nat3 
(noee iinmeduita inflection, but doea not tdll the leaves, as sho 
by their subsequent Te-eipaneion and by the aggregation of i 
protoplasm — A still higher teinpernture kills the leaves t 
Gougu]u,tet< the albuminous contt'iits of the glunils. 

In my observations on Srosera rotundifoUa, tlie leavea ' 
seemed to be more quickly inflected over animal sub- 
stances, and to remain inflected for a longer period 
during very warm than during cold weather. I 
wialied, therefore, to ascertain wiiether heat alone 
would induce inflection, and what temperature Wfls 
the most efficient. Another interesting point pre- 
sented itself, namely, at what degree life was extin- 
guished ; for Drosera oflurs unusual facilities in this 
respect, not in the loss of the power of inflection, but 
in that of subsequent re-expansion, and more espe- 
cially in the failure of the protoplasm to become 
aggregated, when the leaves after being heated are 
immeraed in a solution of carbonate of ammonia* 



• When my experimentB on the 
effects of heat were made, I was 
not aware that tbe subjeet bad 
been carefoily investigated by 
several obBsrvers. For instSinee, 
Sachs is conviDced (.'Traite de 
Botauique; 187-1, pp, 77a, 8541 
that the moat diffurent kinds of 
plauta all pariRh if kept for 10 hl 
bi water at 45° to 4l>° Cent., Or 
l];i'^ to 115''Fahr.: and he con- 




oludes that the protoplasm with- ^ 
in their cells always ooagulatea, I 
if in a damp condition, at a tem- 1 
peiQture of between SCP and G0° 1 
Cent., or 12'2° to 140^ Fahi, Max I 
Schultze and KUhne (a» qanted A 
by Dr. Buatiim ia 'Coutemp. | 
Heview,' 18T4, p. 528) "found I 
that the prouplBsm of plant- 1 
cells, with which they cxpiiri- f 
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My csperimenta were tried in the following manner. Letivea 
vere cut off, and this doea not in the least interfere with tJicii 
powers; for instaoco, tlireo cut-off leaves, with hits of meat 
placed on them, were kept in a damp atmoBphore, and after 
23 hra. closely embraced the meat both with their ten- 
tacles and blftdes; ani the protoplasm within their cells was 
well aggregated. Three ounces of donbly distilled water woa 
heated in a porcelain vessel, with a delicate thermometer 
having a lung bulb obliquely suspended in it. The water wbs 
gradually raised to the required temperature by a apirit-lamp 
moved about under the vessel; and in all cases the leaves 
\fere oontinnally wavoil for some minutes close to the bulb. 
They were then placed in cold water, or in a eolution of car- 
bonate of ammonia. In other cases they were left in the water, 
which had been loised to a certain temperature, until it cooled. 
Again in other cases tJie leaves were suddenly plunged into 
water of a certain temperature, and kept there for a speciflud 
time. Considering that the tenbteles are extremely delicate, 
and that their coats are very thin, it Beoms scarcely possible 
that the fluid contents of their celle should not have been 
heated to within a degree or two of the temperature of the 
surrounding water. Any further precautions would, I think, 
have been superfluous, as the leaves from age or constitutional 
causes differ slightly in their sensitiveness to heat. 

It will be coBvem'ent first briefly to describe the eflects of 
immersion for thirty ecconde in boiling water. The leaves are 
rendered flaccid, with their tentacles bowed backwards, which, 
as we ehall see in a future chapter, is probably due to Uioir 
out«r surfaces retaining their elasticity for a longer period than 
their inner surfaces retain the power of contraction. The 
purple fluid within the cells of the pedicels is rendered finely 
granular, but there is no true abrogation ; ner does this follow 



altored by a very brief espn- 
lure to a tciuiieratore of II 9}° 
Fahr. as a masinnun." Ab my 
iBBultB are deduced froni Bpecial 
phenomena, namely, the Bubxe- 
quent aggregation of the proto- 
plasm and the le-eipunsion of 
the teotaclea, they eeem to mo 
north giving. V/e Bhall find that 
Drosera reaists heat somewhat 
better than leoet other plants. 
That there should be consider- 



able diSereacea in this respect ia 
□ot sarpridug, oanaidering that 
BO me iav vegetable oiganismB 
grow in hot apringB — cases of 
nhich have been coUeclKd by 
Prof. Wyman (' Amarican Jonraal 
of Soience," voL iliv. 18(17). Thus, 
Dr. Hooker found Confervie in 
water at 1<!S° Fahr. ; Hiunboldt, 
at 185" Fithr. ; and Deecloizeau:^ 
at 208° Fahc. 
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when the leares are subsequently plncod in a solutioa oi 
bonate of ammonia. But the moet remurkuble change is that 
the glands tecome opaque and uniformly white; and this may 
be attributed to the coagulation of their albuminous contents. 

My first and preliminary esperiment eonsiatod in putting 
aeyeai leaves in tbe same vessel of water, and warming it slowly 
up to the tempcr&tuTe of 110° Pahr. (ia^'S Cent.); a leaf being., 
taken out ae soon as the temperature rose to 80° (26''-6 Cent);' 
another at 86% another at 90°, and so on. Bach leaf, when takeB.-| 
out, was pla:<:ed in water at the t«mperatnre of my room, and 
the tentacles of all Boon became slightly, though irregularly, 
inflected. They were now removed from the cold water and 
kept in damp air, with bits of meat placed on their discB, 
The leaf which had been esiiosed to the temperature of 110° 
became in 15 m. greatly inflected ; and in 2 hrs. every eingle 
tentacle closely embraced the meat. So it was, but after rather 
longer intervalfl, with the six other leaves. It appears, there- 
fore, that tlie warm bath had increased their BensitivenesH 
when excited by meat. 

I nert observed the degree of inflection which leaves under- 
went within stated periods, whilst Btill immersed in warm 
water, kept as nearly as poBsible at the same temperature ; but 
I will here and elsewhere give only a few of the many trials 
made. A leaf was left for 10 m. in water at 100° (37°-7 Cent.), 
but no inflection occurred. A second leaf, however, treated in 
the stane manner, had a few of its exterior tentacles very 
slightly inflected in 6 m., and several irregularly but not closely 
inflected in 10 m, A third leaf, kept in water at 105° to 106° 
{40°.5 to 41°'l Cent,), was very moderately inflected in 6 m. 
A fourth leaf, in water at 110° {43°'3 Cent,), was somewhat in- 
flected in 4 m., and considerably so in from 6 m. to 7 m. 

Three leaves were placed in water which was heated rather 
quickly, and by the time the temperature rose to 115° — US' 
(le'-l to 46°'0£i Cent.), all three were inflected. I then removed 
the lamp, and in a few minutes every single tentacle was 
closely inflected. The protoplasm within the cells was not 
killed, for it was seen to be in distinct movement; and the 
leaves, having been left in cold water for 20 hrs., re-espanded. 
Another leaf was immersed in water at 100° (37°7 Cent.), which 
was raised to 120° (48°'8 Cent,); and all the tentacles, except 
the extreme marginal ones, soon Itecame closely inflected. 
The leaf was now placed in cold water, and in 7 hrs. 30 m. it 
had partly, and in 10 hrs. fnlly, re-espauded. On the follow- 
ing morning it was immersed in a weak solution of carbonate of 
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ammonia^ and the glands qnickly became black, with strongly 
marked aggregation in the tentacles, showiog that the proto- 
plasm was alive, and that the glands had not lost their power of 
absorption. Another leaf was placed in water at 110° (43°*3 
Cent.) which was raised to 120° (48°*8 Cent.) ; and every ten- 
tacle, excepting one, was quickly and closely inflected. This leaf 
was now immersed in a few drops of a strong solution of car- 
bonate of ammonia (one part to 109 of water) ; in 10 m. all the 
glands became intensely black, and in 2 hrs. the protoplasm in 
the cells of the pedicels was well aggregated. Another leaf was 
suddenly plunged, and as usual waved about, in water at 120°, 
and the tentacles became inflected in from 2 m. to 3 m., but 
only so as to stand at right angles to the disc. The leaf was 
now placed in the same solution (viz. one part of carbonate of 
ammonia to 109 of water, or 4 grs. to 1 oz., which I will for 
the future designate as the strong solution), and when I looked 
at it again after the interval of an hour, the glands were 
blackened, and there was well-marked aggregation. After an 
additional interval of 4 hrs. the tentacles had become much 
more inflected. It deserves notice that a solution as strong as 
this never causes inflection in ordinary cases. Lastly a leaf 
was suddenly placed in water at 125° (51°-6 Cent.), and was 
left in it until the water cooled; the tentacles were rendered 
of a bright red and soon became inflected. The contents of 
the cells underwent some degree of aggregation, which in 
the course of three hours increased ; but the masses of proto- 
plasm did not become spherical, as almost always occurs with 
leaves immersed in a solution of carbonate of ammonia. 

We learn from these cases that a temperature of 
from 120° to 125° (48°-8 to 51°-6 Cent.) excites the 
tentacles into quick movement, but does not kill the 
leaves, as shown either by their subsequent re-expansion 
or by the aggregation of the protoplasm. We shall 
now see that a temperature of 130° (54°*4 Cent.) is too 
high to cause immediate inflection, yet does not kill 
the leaves. 

Experiment 1. — A leaf was plunged, and as in all cases 
waved about for a few minutes, in water at 130° (64° '4 Cent.), 
but there was no trace of inflection ; it was then placed in cold 
water, and after an interval of 15 m. very slow movement was 
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distinctlj seen in a amuU mase of profoplasni in one of tho colla 1 
of a, tentacle.* After a few hams all the teutaclus and tiu 
bliule became iufleuteiL 

J::ipmmmit 2. — Another leaf was plunged into water at ISff' 
to 131°, and as before there was no inflection. After being kept 
in cold water for au hour, it was placed in the ntrong solutior 
of ammonia, and in the com^e of 5S m. the tentaclee were con- 
sJderabl J inflected. The glands, which before hod been rendered 
of a brighter red, were now bluckeuad. The protoplaEm in tho 
cells of the tentacles was distinctly aggregated ; but the spheres 
were much smaller than those usually generated in nnheated 
leaves when subjected to carbonate of ammonia. After a 
fldilitional 2 lirs. all the tentacles, eicepting six or seven, were ^ 
closely inflected. 

£xperimeni 3. — A similar experiment to the lost, with esootlf,! 
the same resulls. w 

Experiment 4.— A fine leaf was placed in water at 100° (37°-7 ' 
Cent.), which was then raiBed to l-lu° (62°' 7 Cent.). Soon after 
immersion, there was, as might have been expected, strong 
inflection. The leaf was now removed and left in cold water ; 
but from having been exposed to so high a, temperature, it 
never re-cxpanded. 

A'lcperimeni 5, — Leaf immersed at 130'' (6i°'4 Cent.), and the 
water raised to 145" t62°-7 Cent.), there was no immediate in- 
flection ; it was then placed in cold water, and after 1 hr. £ 
some of the tentacles on one side became inflected. This 
leaf was now placed in the strong solution, and in 40 m. ail 
the submarginal tentacles were well inflected, and the glands 
blackened. After an additional interval of 2 hrs. 45 m. all the 
tentacles, except eight or ten, were closely inflected, with their 
cells exhibiting a sUght degree of aggregation ; but the spheres 
of protoplasm were very small, and the cells of the exterior 
tentacles contained some pulpy or disintegrated brownish 
matter. 

A'a^rimenls 6 and 7. — Two leaves were plunged in water at 
135° (57° '2 Cent.) which was raised to liS" (62°-7 Cent.) ; neither 
became inflected. One of these, however, after having been left 
for '61 m. in cold water, exhibited some slight inflection, which 
increased after an additional interval of 1 hr. 4o m., until 

* Sachs stales (' Tmite de Bo- after they were exposed for 1 m. 

taaiquB,' 1?74, p. 85.i) that the in water to a. toniperatitre of 47" 

nioVHmeota of the proloplnHm in to J8° Cent, Ot 117° to U*" 

tlie bairs cf a Cnourbita ouoaed Fohr. 
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all the tentfUileB, except sixteen or seTentean, were more or '. 
inflected ; but the leaf was bo tnucli injnrod that it neyer re- 
eipBiided. l^he other leaf, after having been left tot half iu> 
hour in cold water, was put into the strong Eolation, hot no 
inflection ensued; the glands, however, were blackened, and in 
Bome colls there was a little aggregation, the spheres of proto- 
plasm being extremely small; in other cells, cppecially in the 
exterior tentaoles, there was much greenish-brown pulpy 
matter. 

Eitperiment 8. — A leaf was plunged and waved about for a 
few minntea in water at 140° (&y Cent.), and was then left for 
half an hooi in cold water, but there was no inflection. It was 
now placed in the etrong solution, and after 2 hrs. 30 na. the 
inner eubmarginal tentacles were well inflected, with thoir 
glands blackened, and some imperfect aggregation in the cells 
of the pedicels. Throe or four of the glands were spotted witK 
the white porcelain, lite structure, like that prodnced by boiling 
water. I have seen this resnlt in no otiier instance after art 
immersion of only a few minutes in water at so low a tempe- 
rature as liO", and in only one leaf out of four, after a similar 
immersiou at a temperature of 115° Fehi. On the other hand, 
with two leaves, one planed in water at 145° (02°'7 Cent.), and 
the other in water at 140° (60° Cent.), both being left therein 
until the water cooled, the glands of both became white and 
porcelain-like. So that the duration of the immersion, is an 
important element in the result. 

Experiment 9.— A leaf was placed in water at 140° (60° Cent.), 
which was raised to 150° (65°-6 Cent.); there was no inflection ; 
on the contrary, the outer tentacles were somewhat bowed hack- 
wards. The glands became like porcelain, h«t some of them 
were a little mottled with purple. The bases of the glands were 
often more afiected than their enmniits. This leaf having been 
left in the etrong solution did not undergo any inflection or 



Eiperimeat 10.— A leaf was plnnged in water at 150° to 1504° 
(65°"6 Cent.) ; it became somewhat flaccid, with the outer ten- 
tacles sUghtly reflesed, and the inner ones a little bent inwards, 
but only towards their tips ; and this latter fitct shows that the 
movement was not one of tme inflection, as the basal part 
aloue normally bends. The tentaelee were as u.^ual rendered of 
a very bright red, with tlie glands almost white like porcelain, 
yet tinged with pink. The leaf having been placed in the 
Strong solution, the cell-contents of the tentacles became of & 
orndUy hrown, with no trace of aggregation. 
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Experiment 11. — A leaf was immereed. in water at 145° (62° "7 \ 
Cent), which was raised to 166° (68° '8 Cent). The tentaolee 
became bright red and somewhat roflesed, with ahnost all the 
glande like porcelain; those on the disc being etiil pinkiBli, 
those near the margin quite white. The leaf being placed as 
usual first in cold water and then in the strong solution, the 
cellfi in the tentacles became of a muddy greeuiah brown, with 
the protoplasm not aggregated. NevertheleSH, four of the glanda 
escaped being rendered hke porcelain, and the pedicels of these 
glands were spirally oiJilcd, like a French horn, towards their i 
upper ends; but this can by no means be considered g 
case of true inflection. The protoplasm within the oellfl of tha ' 
twisted portions was aggregated into distinct though eicessively 
minute purple spheres. This case shows clearly that the prolo- 
ploam, after having been exposed to n high temperature for a 
few minnteB, is capable of aggregation when afterwards sub- 
jected to the action of carbonate of ammonia, unless the heat ] 
has been sufficient to cause coagulation. 

Concluding Seniarks. — As the hair-like tentacles are 
extremely thin and have delicate walls, and as the 
leaves were waved about for some minutes close to the 
bulb of the thermometer, it seems scarcely possible 
that I they should not have been raised very nearly to 
the temperature which the instrument indicated. 
Prom the eleven last observations we see that a tem- 
perature of 130° (54''-4 Cent.) never causes the imme- 
diate inflection of the tentacles, though a temperature 
from 120° to 125° (48''-S to 51°-6 Cent.) qnickly pro- 
duces this effect. But the leaves are paralysed only 
for a time by a temperature of 130°, as afterwards, 
whether left in simple water or in a solution of car- 
bonate of ammonia, they become inflected and their 
protoplasm undergoes aggregation. This great dif- 
ference in the effects of a higher and lower tempera^ 
ture may be compared with that from immersion in 
strong and weak solutions of the salts of ammonia ; for 
the former do not excite movement, whereas the latter 
act energetically. A temporary susjvenBiOE of tha 
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powor of movement due to heat is caUod by Sachs* 
heat-rigidity; and this in the case of the sensitive- 
plant (MimoBa) is induced by its exposure for a few 
minutes to humid air, raised to 120° — 122° Fahr., or 
4,9° to 50° Cent. It deserves notice that the leaves uf , 
Drosera, after being immersed in water at 130° Fahr., 
are excited iuto movement by a solution of the car- 
bonate so strong that it would paralyse ordinary | 
leaves and cause no inflection. 

The exposure of the leaves for a few minutes even j 
to a temperature of 145° Fahr. {62''7 Cent.) does not . 
always kill them ; as when afterwards left in cold 
water, or in a strong solution of carbonate of ammo- 
nia, they generally, though not always, become in- 
flected ; and the protoplasm within their cells under- 
goes aggregation, though the spheres thus formed are , 
extremely smi>.ll, with many of the cells portly filled 
with brownish muddy matter. In two instances, when 
leaves were immersed in water, at a lower temperature 
than 130° {5'^-i Cent.), which was then raised to 145" 
(62°'7 Cent.), they became during the earlier period 
of immersion inflected, but on being afterwards left 
in cold water were incapable of re-expansion. Ex- 
posure for a few minutes to a temperature of 145° 
sometimes causes some few of the more sensitive 
glands to be speckled with the porcelain-like appear- 
ance ; and on one occasion this occurred at a tempera- 
ture of 140° (60° Cent.). On another occasion, when 
a leaf was placed in water at this temperature of only 
140°, and left therein till the water cooled, every 
gland became like porcelain. Exposure for a few 
minutes to a temperature of 150° (65'''5 Cent.) gene- 
rally produces this effect, yet many glands retain a 

• 'Traile da Bol.' 1871, p. 1031. 
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1 coVur, and many present a speckled appear* 
Thia high tomperature nev«r causes true inflec- 
tion ; on the conti'ary, the tentacles commonly become 
reilexed, though to a less degree than wbon immersed 
in boiling water ; and this apparently ia due to their 
passive power of elasticity. Al"ter expoaure to a tem- 
perature of 150° Fahr., the protoplasm, if subsequently 
subjected to carbonate of ammonia, instead of under- 
going aggregation, is converted into disintegrated or 
pulpy discoloured matter. In short, the leaves are 
generally tilled by this degree of heat ; but owing to 
differences of age or constitution, they vary somewhat 
in this respect. In one anomalous ease, four out of 
the mauy glands on a leaf, which had been immersed 
in water raised to 156° (68°-8 Cent.), escaped being 
rendered porceUanous ; " and the protoplasm in the 
cells close beneath these glands underwent some 
slight, though imperfect, degree of aggregation. 

Finally, it is a remarkable fact that the leaves of 
Srosera rotundifolia, which flourishes on bleak upland 
moors throughout Great Britain, and exists (Hooker) 
within the Arctic Circle, should be able to withstand 
for even a short time immersion in water heated to a 
temperature of 145".! 

It may be worth adding (liat immersion in cold 



* Aa the opacity an'! poicelain- 
liks appeurajica of the glands ia 
prabably due to the coagulation 
of the albnnien, I may add. nn the 
authority of Dr. BiiixIod Brrader- 
Bon, that albumea coagnlatca at 
about 155°, but, in presence of 
aoida, the tompeiaturB of coaRula- 
tion il lower. The leaven of Dro- 
■era contuiu an acid, aud perhaps 
a diSbrenoe in the amount cm- 
taloed may aoeouut for tlie slight 



differences in the reault* above 
reoorded. 

t It appears that cold-blooded 
animalH are, as might have been 
expected, far more Beneitive to an 
inoreuse of temperature than is 
Broscra. Thus, an I hear from Dr. 
BurdoD Sanderson, a, frog begins 
to be distressed in water at a tem- 
peratnre of only 85° Faht. Alas'" 
the mosoles become rigid, and tha 
animal dies in a sti^ueu cunditiork 
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water does not cause any inflection : I suddenly placed 
four leayes, taken from plants which had been kept for 
several days at a high temperature, generally about 
75° Fahr. (23°-8 Cent), in water at 45° (7°-2 Cent.), but 
they were hardly at all affected ; not so much as some 
other leaves from the same plants, which were at the 
same time immersed in water at 75° ; for these became 
in a slight degree inflected. 
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[(in-BitrogonouB fluids — Solutioiu of gum acabic — Sngur — Slaroh 
— Diluted ulooiiol — Olive oi! — lufuBiun and deoootion of tea — 
Nittogenonfl fluiiis — Milk — Urine — Liquid albumen — Infomoa 
of raw meat — Impure mucus — Baliva — Solution of lainglasa — 
Difference in tlie ocCioa of these two seta of fluids- — DoiMotinn of 
green peas — Decoction and infusion of cabbage — DecooCion of 



When, in 1860, 1 first observed Drosera,aiid was led to 
believe that the leaves absorbed nutritious matter from 
the insects which they captured, it seemed to me a 
good plan to make some preliminary trials with a few 
common fluids, containing and not containing nitro- 
genous matter ; and the results are worth giving. 

In all the following cases a drop was allowed to fall 
from the same pointed instrument on the centre of the 
leaf; and by repeated trials one of these drops was 
ascertained to be on an average very nearly half a 
minim, or ^^ of a fluid ounce, or -0295 ml. But these 
measurements obviously do not pretend to any strict 
accuracy ; moreover, the drops of the viscid fluids were 
plainly larger than those of water. Only one leaf on 
the same plant was tried, and the plants were col- 
lected from two distant localities. The experiments 
were made during August and September. In judging 
of the effects, one caution ia necessary : if a drop of 
any adhesive fluid is placed on an old or feeble leaf, 
the glands of which have ceased to secrete copiously, 
the drop sometimes dries up, especially if the pluut 
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is kept in a room, and some of the ceiilral and sub- 
marginal tentacles are thus drawn together, giving to 
them the fidae appearance of having become inflected. 
This sometimes occurs with water, as it is rendered 
adhesive by mingling with the viscid secretion. 
Hence the only safe criterion, and to this alone I 
have trusted, is the bending inwards of the exterior 
tentacles, which have not been touched by the fluid, or 
at most only at theii- bases. In this ease the move- 
ment is wholly due to the central glands having been 
stimulated by the fluid, and transmitting a motor 
impiilse to the exterior tentacles. The blade of the 
leaf likewise often curves inwards, in the same manner 
as when an insect or bit of meat is placed on the 
disc. This latter movement is never caused, as far 
as I have seen, by the more drying up of an ad- 
hesive fluid and the consequent drawing together of 
the tentacles. 

First for the non-nitrogenoua fluids. As a pre- 
liminary trial, drops of distilled water were placed on 
between thirty and forty leaves, and uo effect whatever 
was produced; nevertheless, in some other and rare 
cases, a few tentacles became for a short time in- 
flected; but this may have been caused by the 
glands having been accidentally touched in getting 
the leaves into a proper position. That water should 
produce no effect might have been anticipated, as 
otherwise the leaves would have been excited into 
movement by every shower of rain. 



Gum arahic. — Solutions of four degrees of strength were made ; 
one of Bii graiiiB to the ounce of water (one port to 73) ; a eecoud 
ratter stronger, yet very thin ; a third moderately thick, and a 
fourth 80 thiuk tliat it would only just drop from a pointed 
instrument. These were tried on fourteen leaves ; the drops 
being left on the discB from 24 hra, to 44 hre. ; generally about 
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30 hrs. Infleotion was never thus oauHed. It 
to try pare gum arabic, for a friend tried a Bolution 
ready prepared, and this canBcd the tentaclee to bend ; but 
afterwards ascertained that it contained much animal mat! 
proliably glue. 

Sujnr. — Drops of a aolntion of white sugar of three strongthg 
(the weakest containing one part of sugar to 7b of water) wera 
left on fourteen leaves &oni 32 hrB. to 48 hrs. ; but uo eSbct waa 
produced. 

Slardi. — A misture about as thick as cream was dropped raa 
six leaves and left on them for 80 hre., no effect being produced. 
I am surprised at this fact, as I believe that the etarch of com- 
merce generalJy contains a trace of gluten, and this nitrogenouB 
BTihstance causes inflection, as we shaU see in the next chapter. 

Alcbhul, Diluted. — One part of alcohol was added to seven of 
prater, and the usual drops wore placed on the discs of three 
leaves. No inflection ensued in the coutbo of 48 hrs. To ascer- 
tain whether these leaves had been at all injured, bits of meat 
were placed oa them, and after 34 hrs. they were closely inflected. 
I also put drops of sherry-wine on three other leaves; no infleo- 
tion was caused, though two of them seemed somewhat injured. 
We shall hereafter see that cut-off leaves immersed in diluted 
alcohol of the above strength do not become inflected. 

Olive Oil. — Drops were placed on the discs of eleven leaves, and 
no effect was produced in from 24 hrs. to 48 hrs. Four of these 
leaves were then tested by bits of meat on their discs, and tbiea 
of them were found after 24 hrs. witii all their tentacles and 
blades closely inflected, whilst the fourth had only a few ten- 
tacles inflected. It will, however, be shown in a future place, 
that cut-off leaves iramersed in olive oil are powerfully affected, 

jTi/usion and Decoction of Tea. — Drops of a strong infusion and 
decoction, aa welt as of a rather weak decoction, of tea were 
placed on ten leaves, none of which became inflected. I after- 
wards tested three of them by adding bits of meat to the drops 
which still remained on their discs, and when I examined them 
after 34 hrs. tliey were closely inflected. The chemical principle 
of tea, namely theine, was subsequently tried and produced no 
effect. The albuminous matter which the leaves must originally 
have contained, no doubt, had been rendered insoluble by their 
having been completely dried. 
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"We thus see that, excluding the experiments with 
water, sixtynane leaves were tried with drops o£ tlia 
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abuTfl-named non-nitrogenous fluids ; and the tontaclea 
were not in a single case infleetod. 



"With respect to nitrogenoHB fluids, the first which came to 
hand were tried. The eipDrimentB were made ut the same 
time and in oiactlj the same majiner as the foregoiug. 
As it woe iminediatel7 evident that these fluids produced n 
great efiect, I neglects! in most cases to record how Boon the 
tentacles became inflected. But this always occurred in less 
than 24 hrs. ; whilst the drops of non-nitrogenoiis fliiiJs which 
produced no effect were observed in every case during a 
couBiderahly longer period. 

3!ilh. — Drops were placed on sisteen leaves, and the tentacles 
of all, as well as the blades of several, soon became greatly 
inflected. The perioda were recorded in only three cases, 
niunoly, with leaves on which unusually small drops had been 
placed. Their tentacles were somewhat iiifleeted in 4S m. ; 
and after 7 hrs. 45 m. the blades of two were so much cnrved 
inwards that they formed little cups enclosing the drops. 
These leaves re-espanded on the third day. On another occa- 
sion the blade of a leaf was much inflected in S hrs. after a 
drop of milk had been placed on it. 

Human Urine. — Drops were placed on twelve leaves, and the 
tentacles of all, with a single exception, became greatly inflected- 
Owing, I presume, to diflerences in the chemical nature of the 
mine on different occasions, the time required for the movements 
of the tentacles varied much, bat was always effected in under 
24 hrs. In two instances I recorded that all the exterior ten- 
tacles were completely inflected in 17 hrs., bnt not the blade of 
the leaf. In another case the edges of a leaf, after 25 hrs. 
30 m., became so strongly inflected that it was converted Into a 
cup. The power of mine does not lie in the moa, which, bx 
Te shall hereafter see, is inoperative. 

Albumen (fresh from a hen's egg), placed on seven leaves, 
caused the tentacles of sis of them to be well inflected. In one 
case the edge of the leaf itself became much curled in after 
W hrs. The one leaf which was unafiecled remained so for 
26 hrs., and was then treated with a drop of milk, and this 
caoEed the tentacles tt) bend inwards in 12 hrs. 

Cold Fillered Infusion cf Raw jHeai.— This was tried only on a 
single leaf, which had moat of its outer tentacles and the blade 
inflected in 19 hrs. During autisequent years, I repeatedly 
Uiied this infusion to test leaves which had been experimented 
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on with other BabEtancee, and it was found to act moet e 
geticallj, but as no exact account of tbcse trials was kept, the> 
are not here introduced. 

Muais. — Thick and thin mucus from the broncliial tuliea, 
placed on three leavos, caused inflection. A leaf with thin 
mucuB had its marginal tentacles and blade somewhat curved 
inward in 5 hrB, 30 m., and greatly bo in 20 hre. The action of 
this fluid no doubt is due eitliei io the saliva or to Eome albu- 
minous matter* mingled with It, and not, as we shall see in 
neit chapter, to mucin or the chemical principle of mucua. 

Saiiva. — Human Baliva, when evaporated, yieldat from 1-14 to I 
1'19 per cent, of residue; and tliia jielda 025 per c«nt. of ashe^ I 
BO that the proportion of nltn^notis matter which saliva con- 
tains moat be small. Nevertheless, dro[ffi placed on the discs of 
eight leaves acted on them all. In one case all the ei 
taoles, escepting nine, were inflected in 19 hrs. 30 m. ; in another 
case a few became so in 2 hrs., and after T hrs. 30 m. all thoaa | 
situated near where the drop la;, as well as the blade, v 
acted on. Since making these trials, I have many scores (rfl 
tiroes just touched glands with the handle of my scalpel wetted * 
with saliva, to ascertain whether a leaf was in an active condi- 
tion ; for this was shown in the course of a few minutes by the 
bending inwards of the tentacles. The edible nest of the Chinese 
swallow is formed of matter secretfid by the saUvary glands ; two 
grains were added to one ounce of distilled water (one part to 218), 
which was boiled for several minutes, but did not dissolve the 
whole. The usual-sized drops were placed on liree leaves, and 
these in 1 hr. 30 m. were well, and in 2 hrs. 15 m. closely, 
inflected. 

Iimglaet. — Drops of a solution about as thick as milk, and of 
a still thicker solution, wore placed on eight leaves, and the ten- 
tacles of aU became inflected. In one case the exterior tentacles 
were well curved in after 6 hrs. 30 ra., and the blade of the leaf 
to a partial extent after 24 hrs. As sahva acted so ef&ciently; 
and yet contains so small a proportion of nitrc^enous matter, I 
tried how small a quantity of isinglass would act. One part was 
dissolved in 218 parts of distilled water, and drops were placed 
on four leaves. After 6 hrs, two of these were considerably and 
two moderately inflected ; after 22 hrs. the former were greatly 
and the latter much more inflected. In the course of 48 hia. 
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from the time when the drops were placed on the leayos, all 
ronr had ahnost ro-eipanded. Thoy were then giTea little bits 
of meat, and these acted more powerfully than the solution. 
One part of isinglasa was nest dissolved in 437 of water; the 
fluid thos formed was eo thin that it could not be distinguiEhed 
from pure water. The usnat-sized drops were placed on seven 
leaves, each of which thus received i^ of a grain (■0295 mg.). 
Three of them were observed for 41 hrs., but were in no way 
affected; the fourth and fifth had two or three of their extorior 
tontocles inflected after 18 hrs. ; the sixth hod a few more ; 
and the seventh hod in addition the edge of the leaf just 
perceptiWy curved inwards. The tentacles of the four latter 
leaves began to re-eaj>ai\d after an additional interval of only 
8 hrs. Heuc« the ^^ of a grain of isinglass is suf&cient to afiuct 
very sUghtly the more Benaitive or active leaves. On one of tlia 
leaves, which had not been acted on by the weak solution, and on 
another, which had only two of its tentacles inflected, drops of 
the solution as thick as milk were placed ; and nest morning, 
after an interval of 16 hra., both were found with all their ten- 
tacles strongly inflected. 

Altogether I experimented on sixty-four leaves 
with tlie above nitrogenous fluida, the five leaves 
tried only with the extremely weak solution of isin- 
glass not being included, nor the Dumerons trials 
subaeqnentiy made, of which no exact account was 
kept. Of these sixty-four leaves, sixty-three had their 
tentacles and often their blades well inflected. The 
one which failed was probably too old and torpid. 
But to obtain so large a proportion of successful 
cases, care must be taken to select young and active 
leaves. Leaves in this condition were chosen with 
equal eiire for the sixty-one trials with non-nitro- 
genons iluida (water not included); and we have seen 
that not one of these was in the least affected. We 
may therefore safely conclude that in the sixty-four 
experiments with nitrogenous fluids the inflection of 
the exterior tentacles was due to the absorption of 
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nitrogenous matter by the glands of the tentaclei 
on the disc. 

Some of tlie leaves which were not affected by tUftJ 
non-nitrogenotia fluiila were, as above stated, imme-T 
diately afterwards tested with bits of meat, and were 
thus proved to be in an active condition. But in 
addition to these triala, twenty-three of the leaves, 
with drops of gum, syrup, or starch, still lying oaJ 
their discs, which bad produced no efi'ect in the course ■ 
of between 24 bra. and 48 hrs., were then tested with 1 
drops of milk, urine, or albumen. Of the twenty-three 
leaves thus treated, seventeen had their tentacles, and 
in some cases their blades, well inflected ; but their 
powers were somewhat impaired, for the rate of move- J 
ment waa decidedly slower than when fresh leaves I 
were treated with these same nitrogenous fluids. This \ 
impairment, as well as the insensibility of six of the [ 
leaves, may be attributed to injury from esosmose, I 
caused by the density of the fluids placed on their 4 



The results of a few other experiments with nitrogertoBs fiuida j 
may be here conveuiently given. Decoctions of eomo vegetables, , 
known to be rich in nitrogen, were made, and these acted like 
animal fluids. Tlma, a few jreen peas were boiled for some tima 
in distilled wat^r, and the moderately thick decootioa thoR made 
waa allowed to settlo. Drops of the superincumbent fluid were 
placed on four leaTea, and when theaa were looked at after 
16 hrs., the teotaclea and blades of all were found strongly 
inflected. 1 infer from a remark by Gerhardt* that leguniin is 
present in peas " in combination with an alkali, forming an 
incoagulable solution," and this would mingle with boiling 
water. I may mention, in relation \o the above and following 
experiments, that according to Schifff certain forms of albumen 
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exist which are not coagulated hy boiliug wat^ir, but 
verted into soluble peptones. 

On three occasions chopped cabbage-leaves* were boiled 
distiUed watCT for 1 hr, or for Ij lir.; and by decanting the 
decoction after it had been allowed to ruat, a pale dirty green 
fluid waa obtained. The usual-sized drops were placed on 
thirteen leaves. Their tentacles and blades were mflected after 
4 hrs. to a quite extraowlinary degree, Kext day the protoplasm 
within the cells of the t«ntscles was found aggregated in the 
most strongly marked manner. I also touched the viscid secre- 
tion round the glands of Keveral tentacles with minute drops of 
the decoction on the head of a small pin, and they became well 
infiected in a few nunutes. The fluid proving so powerful, one 
part was diluted with three of water, and drops were placed ott 
the disca of live leaves; and these nest morning were so much 
acted on that their bUdes were completely doubled over. We 
thus see that a decnctioa of cabbage-leaves is nearly of quite as 
potent as an infusion of raw meat. 

About the some quantity of chopped cabbage-leaves and of 
distilled water, as in the lost experiment, were kept in a vessel 
for 20 hra. in a hot oloeet, hat not heated to near the boiling- 
point. Drops of this infu&ion were placed on four leaves. One 
of these, aftor 23 hrs., was much inflected ; a second slightly ; a 
third bad only the eobmai^nal tentacles inflected ; and the 
fourth was not at all afiected. The power of this infusion is 
therefore very much less than that of the decoction; and it is 
clear that the immersion of cabbage-lea vea for an hour in water 
at the boiling temperature la much more efficient in eitrocting 
matter which excites Drosera than immersion duru^ many 
hours in warm water. Perhaps the contents of the cells are 
proteeted (as Sohiff remarks with respect to fegumin) by the 
walls being formed of cellulose, and that until those are rup- 
tured by boiling-water, but little of the contained albuminous 
matter is dissolved. We know from the strong odour of cooked 
cabbage-leaves that boiling water prodoces some chemical 
change in them, and that they are thus rendered far more 
digestible and nutritious to man. It is therefore an interesting 

lante, and the outer leaves oF matnrB 
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fact that water at tliis femperatiire extracts matter from 
whioh excites Drosera to an extraordinary degree. 

Grassefi contain far less nitrogenouB matter than do peas or 
cabhagea. The leaves aid stalkB of three common kinds were 
chopped and boiled for some time in distilled water. Drops 
of this decoction (after having stood for 2-1 hrs.) were placed 
on six leaves, and acted in a rather peculiar manner, of whicb 
other instances will he given in the seventh chapter on the 
salts of ammonia. After 2 hrs. 30 m. four of the leaves had 
their blades greatly inflected, but not their exterior tentacles ; 
and so it was with all six leaves after 24 hrs. Two daja after- 
wards the blades, as well as the few sabmarginal tentacles which 
had been inflected, all re-expanded; and much of the flm'd on 
their discs was bj this time absorbed. It appears that the de- 
coction Btrongl; excites the glands on the disc, causing the blade 
to be quickl; and greatl; inflected ; but that the stimalus, dif- 
ferently from what occurs in ordinary cases, does not spread, or 
only in a feeble degree, to the exterior tentacles. 

I may here add that one part of the extract of belladonna 
(procured from a druggist) was dissolved in 437 of water, and 
drops were placed on six leaves. Next day all six were Bom»-< 
what inflected, and after 48 hra were completely re-expanded. 
It was not the included atropine which produced this effect, far 
I subsequently ascertained that it is quite powerless. I also 
procured some extract of hyoscyamns from tliree shops, and 
made infiisions of the same strength as before. Of these three 
infusions, only one acted on some of the leaves, which were 
tried. Though druggists believe that all the albumen is pre- 
cipitated in the preparation of these drugs, I cannot doubt that 
some is occasionally retained ; and a trace would be sofficient 
to ezcil« the more sensitive leaves of Drosera. 
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The Becietion lendcrod acid by the ducct and indirect excitomeDt of 
the glunda — Natuni of the acid — Digestible Enbatances — Albu- 
DieQi ita digestion arrested bj alkalies, recommmnoea by the addi- 
tion of an wid — Meat — Fibrin — Syntonin — Areolai' tiBHue^ 
Cartilttge — Fihro-cartiluge ^ — Bone — Enamel and dentine — Plioa- 
phate of lime — Fibrona boBia of bone — (Jelatine — Chondtin — 
Milh, casein andcheeae — ^Qlutun — Legnraio — Pollen — Globulin 
— Hiematin — Indigestible subst uncos — Kpidermio prodaotions — 
FibnKlaatio tifiaoD — Mucin — FepaiQ — Urea — Chitine — Oellu- 
loae — Gun-GOtton — Chloiophyll — Fut and oil — Storoh — Action 
o( the aocietion on living soedy — Summuiry and ooncluding 
renuuks. 

As we have seen that nitrogenous fluids act very 
differently on the leaves of IJroaeca from non-nitro- 
genous fluids, and aa the leaves remain clasped for a 
much longer time over various organic bodies than 
over inorganic budies, such as bits of gloss, cinder, 
wood, &c., it becomes an interesting inquiry, whether 
they can only absorb matter already in suiution, or 
render it soluble, — that is, have the power of digestion. 
We shall immediately see that they certainly have this 
power, and that they act on albtuninous compounds in 
exactly the same manner aa does the gastric juice of 
mammals ; the digested matter being afterwards ab- 
sorbed. This fact, which will be clearly proved, is a 
wonderful one in the physiology of plants. I must 
here state that I have beeu aided throughout all my 
later experiments by many valuable suggestions and 
assistance given me with the greatest kindness by 
Dr. Burden Sanderson. 
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It may be well to premise for the sake of any reader ^ 
who knows nothing about the digestion of albuminoiia 
compounds by animiUs that this is effected by means 
of a ferment, jjepsin, together with weak hydrochloric 
acid, though almost any acid will serve. Yet neither 
pepsin nor an acid by itself has any such power,* i 
M'e have seen that when the glands of the disc are 
excited by the contact of any object, especially of I 
one containing nitrogenous matter, the outer ten- 
tacles and often the blade become inflected ; the leaf | 
being thus converted into a temporary cup or sto- 
mach. At the same time the discal glands secrete 
more copiously, and the secretion becomes acid. 
Moreover, they transmit some influence to the glanda 
of the exterior tentacles, causing them to pour forth 
a more copious secretion, which also becomes acid or 
more acid than it was before. 

As this result is an important one, I will give the- 
evidence. The secretion of many glands on thirty i 
leaves, which had not been in any way excited, waa 
tested with litmus paper ; and the secretion of twenty- 
two of these leaves did not in the least affect the colour, 
whereas that of eight caused an exceedingly feeble 
and sometimes doubtful tinge of red. Two other 
old leaves, however, which appeared to have been in- 
flected several times, acted much more decidedly on 
the paper. Particles of clean glass were then placed 
oil five of the leaves, cubes of albumen on six, and 
bits of raw meat on three, on none of which was the 
secretion at this time in the least acid. After an 
interval of 24 hrs., when almost all the tentacles on 
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these fourteen leaves had become more or less in- 
flected, I again tested the secretion, selecting glands 
which had not as yet reached the centre or touched 
any object, and it waa now plainly acid. The degree 
of acidity of tlie secretion varied somewhat on the 
glands of the same loaf. On some loaves, a few ten- 
tacles did not, from some unknown cause, become in- 
flected, as often liappena ; and in five instances their 
secretion was found not to be in the least acid; 
whilst the secretion of the adjoining and inflected 
tentacles on the same leaf was decidedly acid. With 
leaves excited by particles of glass placed on the 
central glands, the secretion which collects on the 
disc beneath them was much more strongly acid 
than that poured forth from the exterior tentacles, 
which were as yet only moderately inflected. When 
bits of albumen (and this is naturally alkaline), or 
bits of meat were placed on the disc, the secretion 
collected beneath them was likewise strongly acid. 
As raw meat moistened with water is slightly acid, I 
compared its action on litmus paper before it was 
placed on the leaves, and afterwards when bathed in 
the secretion ; and there could not be the least doubt 
that the latter was very much more acid. I have 
indeed tried hundreds of times the state of the secre- 
tion on the discs of leaves which were inflected over 
various objects, and never failed to find it acid. We 
may, therefore, conclude that the secretion from un- 
excited leaves, though extremely viscid, is not acid or 
only slightly so, but that it becomes acid, or much 
more strongly so, after the tentacles have begun to 
bend over any inorganic or organic object ; and still 
more strongly acid after the teiitacles have remained 
for some time closely clasped over any object. 

X may here remind the reader that the eecretioii 
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appears to be to a certain extent antiseptio, i 
checks the appearance of mould and infnsoria, tliii^l 
preventing for a time the discoloration and decay of ■ 
Huch substances as the white of an egg, cheese, &0.J 
It therefore acts like the gastric juice of the higher! 
animals, which ia known to arrest putrefaction byf 
destroying the microzymes. 



As T was anxious to learn what acid the 
445 leaves wore washed in distilled water, given me by Prof. 
Frankland; but the secretion is bo viscid that it is scarcely 
possible to scrape or wash off the whole. Tlie conditions 
were also imfavourable, bb it was late in the year and the 
"eaves were amalL Prof. Fraukiand with great kindness under- 
cook to test the fluid thus colleoted. The leaves were excited 
by clean partiules of glass placed on them 24 hrs. previously. 
No doubt much more acid would have been secreted had the 
been excited by animal matter, but this would have 
analysis more difficult. Prof. Frankland informa 
that the fluid contained no trace of hydrochloric, sulphuric, 
:artarie, oxalic, or formic acids. This having been asccrtai'neii, 
:hn remainder of the fluid was evaporated nearly to drynesa, and 
acidified with sulphuric acid ; it then evolved volatile acid 
vapour, which was condensed and digested with carbonate of 
silver. " The weight of the silver salt thus produced was only 
37 gr,, much too small a quantity for the accurate determine 
of the molecular weight of the a«id. The number ohtomed, 
however, corresponded nearly with that of propionic acid ; and. 
" believe that this, or a mixture of acetic and butyrio acids, 
present in the liquid. The acid doubtless belongs to the acatie 
or fatty series." 

Prof. Frankland, as well as his assistant, observed (and tbiB 
important fact) that the flaid, *' when acidified with sul- 
phuric acid, emitted a powerful odour like that of pepsin." 
The leaven from which the secretion had been washed were 
also sent to Prof. Frankland ; they were macerated for some 
henrs, then acidified with sulphuric acid and distilled, bat no 
acid passed over. Therefore the acid which fresh leaves con- 
tain, as shown by their discolouring litmus paper when crushed, 
muat be of a different nature from that present ' " 
Nor was any odour of pepsin emitted by them. 
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Although it has long been known that xwpain with acetio 
acid has tko power of digesting albtuniuoue compouoda, 
it appeared adTisable to Bscortain whether acetic add could 
be replaced, withont the loss of digestive power, by the 
allied acida which are believed to occur in the BecretiuE 
of Drosera, namely, propionic, butyric, or vftlerianic. Dr. 
Snidon Sanderson was so kind as to make for me the follow- 
ing experimenta, the results of which arc valnable, indi^poa- 
dently of the present inquiry. Prof. Pranklasd supplied the 

" 1. The purpose of the following esjierinionts was to deter- 
mine the digestive activity of liquids containing pepsin, when 
acidulated with certain volatile acids belonging to the acetio 
series, in compariaon with hquids acidulated with hydrochloric 
acid, in proportion similar to that in which it exists in gastric 

" 2. It has been determined empirically that the best resulta 
are obtained in artificial digestion when a hquid containing two 
per thousand of hydrochloric acid gas by weight is nsed. This 
corresponds to about 6'95 cubic centimetres per litre of ordinary 
strong hydrochloric acid. The quantities of propionic, butyric, 
and Talerianio acids respectively which are required to neutralise 
as much base as 6*25 cubic centimetres of HCl, are in grammea 
404 of propionic acid, 4-82 of butyric acid, and 5'€8 of valerianic 
acid. It was therefore judged expedient, in comparing the 
digestive powers of these acids with that of hydrochloric acid, to 
use them in these proportions. 

"3. Five hundred cub, cent, of a liquid containing aboiit 
8 cub, cent, of a glycerine extract of the macoua membrane of 
the stomach of a dog killed during digestion having been pre- 
pared, 10 cab, cent, of it were evaporated and dried at llff". 
This qnantity yielded 00031 of residue. 

"4. Of this liquid four quantities were taken which were 
severally acidulated with hydrochloric, propionic, butyric, and 
valerianic adds, in the proportions above indicated. Each 
liquid WHS then placed in a tube, which was allowed to float in 
a water bath, containing a thermometer which indicated a 
temperature of 3B° to 40° Cent. Into each, a quantity of un- 
boiled fibrin was introduced, and the whole allowed to stand 
for four hours, the temperature being malntdned during the 
whole time, and caro being taken that each contained through- 
out an escesB of fibrin. At the end of the period each hquid 
was filtered. Of the filtrate, which of course contained as 
much of the fibrin as had been digested during the four hours, 
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10 pnh. cent, were measnred out and evaporated, and dried s 
110° as befora The residues were respectively — 

" In tho liquid containing hydrochloric acid 04079 
„ „ propionic acid 0-0601 

„ „ butyric acid 0'1468 

„ „ Tftlerianio acid 01U54 

" Henoe, deducting from each of these the above-mentioned 
residue, left when the digestive liquid ilaelf was evaporated, j 
via. 00031, we have, 

"For propionic acid O'057O 

„ butyric acid . . . . . . , . 0-1437 

„ valerianic acid 0-1223 

as compared with 0'4048 for hydrochloric acid; these several 1 
numbers expressing the quantities of fibrin by weight digested 1 
in presence of equivalent quantities of the respective acidB J 
under identicol conditions, 

"The results of the eiperiment may be stated thus : — If 100 I 
represent the digestive power of a, liquid containing pepsin with 
the usual proportion of hydrochloric acid, 14-0, 35'4, and 30'3, 
will represent respectively the digestive powers of the three 
acids under investigation. 

"5. In a second experiment in which the procedui 
every respect the same, excepting that all the tubes werd j 
plnnged into the same water-bath, and the residues dried at I 
115° C, the results were as follows;— 

" Quantity of fibrin dissolved in four hours by 10 cub. cent, 
of tlie liquid — 

" Propionic acid . . . . . . 0-0563 

Butyric acid 0'0835 

Valerianic acid 0-0615 

" The quantity digested by a similar liqnid containing 
hydrochloric acid was 0-3376. Hence, taking this as 100, tha 
following numbers represent the relative quantities digested i 
by the other acids : 

" Propionic acid .. .. .. 16-5 

Butyric acid at? 

Valerianic acid .. .. ., IC'l 

" 6. A third experiment of the same kind gave ; 



" Quftntity of filirin digested in four hours by 10 cub. w 
of the liquid : 



" Hydrochloric acid 


.. 0-2915 


Piflpionic acid .. 


.. 01490 


Butyric acid 


.. 0-1044 


Valerianic acid .. 


.. 0-0520 



" Cotnpanng, as before, the three last numbeTs with tha first 
taken as 100, the digcKtive power of propionic acid in repre- 
sented by 16"8; that of butyric acid by 358; and that of 
Talerianic by 178. 

" The mean of these three sets of olwervationa (hjdrochlorio 
acid being taken as 100) gives for 

" Propionic acid 15-3 

Butyric acid 320 

Valerianic acid .. .. ., 21-4 

" 7. A further experiment was made to ascertain whether the 
digestive activity of butyrio acid (which was Belected bb being 
apparently the most efficaciouB) wbb relatively greater at ordinary 
temperatures than at the temperature of the body. It was 
found that whereas 10 cnh. cent, of a liquid containing the ordi- 
nary proportion of hydrochloric acid digested 0-1311 gmninie, 
a similar liquid prepared with butyric acid digested 0-0455 
granune of fibrin. 

" Hence, taking the quantities digested with hydrochloric acid 
at tbe temperature of the body ae 100, we have the digestive 
power of hydrochloric acid at the temperature of 16° to 18° 
Cent, represented by 44'9; that of butyric acid at the same 
temperature being 16-6." 

We here see that at the lower of these two temperatures, 
hydrochloric acid with pepsin digests, within the same time, 
rather less than half the quantity of fibrin compared with 
what it digests at the higher temperaturo ; and the power of 
butyric acid is reduced in the same proportion under similar 
conditions and temperatures. We have also seen that butyric 
acjd, which is much more efScacions than propionic or vale- 
rianic acids, digests with pepsin at the higher temperature less 
than a third of the fibrin which is digested at the same tempera- 
tnre by hydrochloric acid. 



92 



DROSEHA BOTONDIFOLIA. 



Gau-.TCl 



I will now give in detail my experiments on i 
digestive powor of the secretion of Drosera, dividing 
the substances tried into two series, namely those 
which are digeaf«d more or less completely, and those 
which are not digested. M'^e shall presently see that 
all these substances are acted on by the gastric juice 
of the higher animals in the same manner. I beg 
leave to call attention to the experiments under the J 
head albumen, showing that the secretion loses iti I 
power when neutralised by an alkali, and recovers it I 
when an acid is added. 



Substances which are completely or partially diffeeied Sy 
tlie Secretion of Drosera. 
Albumen. — After having tried various substances. 
Dr. Bui-don Sanderson suggested to me the use of cubes 
of coagulated albumen or bard-boiled egg. I may pro- 
mise that five cubes of the same size as those used in 
the following experiments were placed for the sake of 
comparison at the same time on wet moss close to the 
plants of Drosera. The weather was hot, and after four 
days some of the cubes were discoloured and mouldy, 
with their angles a little rounded ; but they were not 
surronnded by a zone of transparent fluid as in the 
case of those undergoing digestion. Other cubes 
retained their angles and white colour. After eight 
days all were somewhat reduced in size, discoloured, 
with their angles much rounded. Nevertheless in 
four out of the five specimens, tbe central parts were 
still white and opaque. So that their state differed 
widely, as we shall see, from that of the cubes sub- 
jected to the action of the secretion. 

Eaji^imeiit 1. — Bather lurge cubes of allmnien WQie first 
tried the testacies were well i&fiected in 2'! his.j after tm 
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additional day the aiiRles of the cubes were diPBoIved and 
rounded;* but UiQ cubes wore too large, bo thot the leaves 
B injured, and after seven daya one died and the others 
a dying. Albumen which hoB been kept for foor or Ave 
days, and which, it may be prcsuinod, baa liegun to decny 
slightly, secmB to act more quickly than freshly tioiled eggs. 
Ab the latter were gouerally used, I ofhin moistened them 
with a little saliva, to make the tentacles close more 
quickly. 

IS^litrimevt 2.^A cube of -^ of an inch (i.e. with each side 
■^ of an inch, or 2'54 mm., in length) was placed ou a, leaf, and 
aft«r CO hrs. it was converted into a sphere atwut ^ of an inch 
(1905 mm.) in diameter, surrounded by perfectly transparent 
fluid. After ten days the leaf re-expanded, but there was Btill 
left on the disc a minut« bit of albumen now rendered trans- 
parent. More albnmea had ijeen given to this leaf than could 
he dissolved or digested. 

Expenment 8. — Two cubes of albumen of ^^ of an inch 
(1 27 mm.) were placed on two leaves. After 46 hrs. every 
atom of one was dissolved, and moat of the liquefied matter 
was absorbed, the fluid which remoiscd being in this, bg in all 
other cases, very acid and viscid. The other caho was acted 
on at a rather slower rale. 

Experinunt A. — Two cubes of albumen of the same si£e aa 
the last were placed on two leaves, and were converted in 
50 bra. into two large drops of transparent fluid ; but when 
these were removed from beneath the inflected tentacles, and 
viewed by reflected light under the microscope, fine streaks of 
white opaque matter conld be seen in the one, and traces of 
sioiilar streaks in the other. The drops were replaced on the 
leaves, which re-eipandod after 10 days; and now nothing 
was left except a very little transparent acid fluid, 

Jixperiment 5. — This experiment was slightly varied, so that 
the albumen might be more quickly exposed to iite action of the 
accretion. Two cubes, each of about -^ of an inch ('630 mm.), 
were placed on the same leaf, and two similar cubes on another 



* In all my i 
meats on the digestion of cubes 
of albumeD, the angles and edges 
were invariably first loaeded. 
Nnw, Sehiff rtates ('Ler;nnB 
phyn. da la Dilution,' veil. ti. 
1867, p. 149; that this is chHmo- 



teristio of the digestion of albn- 
mon by the gnatria juioo of ani- 
mals. On the other hand, he 
reiuarks, "l«s diesalutions, en 
rhimie, ont lieu aur toulf. la aur- 
faoe des corps en oantact av« 
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leaf. These were eiamined after 21 hra. 30 m., and all 
were foimd rounded. After 46 lira, the two cubes on th( 
leaf were completely L'c[uefied, the fluid being perfectly trana- 
pftrent; on the other leaf Bome op«<)ue white streaks could 
Btill be seen in the midst of tbe fluid. After 72 hrs. these 
streaks disappeared, but there woa still a little viscid fl' 
left on the disc; whereaa it waa almost all absorbed 
first leaf. Both leaves were now bcginEing to re-expand. 

The best and almost sole test of the presence 
some f&rment analogous to pepsin in the secretion-^ 
appeared to be to neutralise the Eicid of the secretion." 
with an alkali, and to observe whether the process 
of digestion ceased; and then to add a little acid 
and observe whether tlie process recommenced. Thia 
was done, and, as we shall see, with success, but it 
was necessary first to try two control experiments ; 
namely, whether the addition of minute drops of 
water of the same size as those of the dissolved 
alkalies to be nsed would stop the process of diges- 
tion ; and, secondly, whether minute drops of weak 
hydrochloric acid, of the some strength and size as 
I to Ije used, would injure the leaves. The 
iwo following experiments were therefore tried : — 

Experiment 6, — Small cubes of albumen were put on three 
eaves, and minute drops of distiilod water on the head of a pin 
were added two or tliree times daily. These did not in the 
least delay the process ; for, after 48 hra., the cubes were com- 
pletely dissolved on h1! three leaves. Ob the third day the 

area began to re-expand, and ou the fourth day all the fluid 

as absorlied. 

Er,pfrifiim,t 7. — Small enlies of albumen were put on two 

ivea, and minute drops of hydrochloric acid, of the strength o( 
one part to i'il at water, were added two or three times. This 
did not in the least delay, bnt seemed rather to hasten, the 
proccsa of dipestion ; for every trace of the albumen disappeared 
21 hrs. 30 m. After three days the leaves partially re- 
expauded, and by this time ahttast alt the viscid fluid on thrii 
di>!cs was absorbed. It is almost superfluona to state thai 
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cnbea of aUnitnon of the Bume sise aa those abovo nsed, left for 
seTen da;s in a little Ljdrocbloric acid of the above streogtb, 
letained all their angles aa perfect ae ever. 

Hirperimefit 8. — CubeR of albumen (ot ^ of an inch, or 2*54 
mm.) vere placed on Rve leaves, and minute drops of a eotu- 
tioD of one port of carbonate of eodu to 437 of water were added 
at intervals to three of tliein, and drops of carbonate of potash 
of the eame strength to the other two. The drops were given 
on the head of a rather large pin, and I aacerlained that 
each AvB^ equal to abont ^ of a minim ('0059 ml.), bo that 
each contoined only ^^ of a grain ("0135 mg.) of the eJliali. 
This was not BufBcient, for after 46 hre. all five cubes were 
disEolved. 

Experiment 9.— The last experiment was repeated on four 
leaves, with this differeoce, that drops of tlie eame solution of 
carbonate of soda were added rather oftener, as often as the 
secretion became acid, so that it was much more effectually 
neutralised. And now after 21 bre. the angles of three of 
the cubes were not in the least rounded, those of the fourth 
being so in a very Blight degree. Drops of extremely weak 
hydroahlorio acid (viz, one part to 847 of water) were then 
added, just enongh to neutralise the alkali which was still 
present; and now digestion immediately recommenced, so that 
after 23 hrs. 30 m. three of the enbes were completely dis- 
solved, whilst the fourth was converted into a minute sphere, 
Burronndod by traui^pareut fluid; and tliis sphi're next day 
disappeared. 

Kxperimeiit 10. — Stronger solutions of carbonate of auda and 
of potash were next used, viz. one part to 109 of water; and as 
the same-sized drops were given as tiefore, each drop contained 
y^ of ft grain (0539 mg.) of either salt. Two cubes of albu- 
men (each about ^ of an inch, or '635 mm.) were placet! on the 
same leaf, and two on another. Each leaf received, as soon as 
the secretion became sbghtly acid (and this occurred four times 
within 24 hrs.), drops either of the soda or potash, and the acid 
was thus effectually neutralised. The ex])erimcnt now succeeded 
perfectly, for after 22 hrs. the angles of the cubes were as sharp 
aa they were at first, and we know from experiment 5 that Biich 
small cubes would have been completely rounded within this 
time by the secretion in its natural state. Some of the fluid' 
now removed with blotting-paper from the discs of the leaves, 
and minute drops of liydrocliioric acid of the strength of 
part to 200 of water was added. Acid of this greater strength 
VBS used as the solutions of th« alkalies were stronger. 
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process of digestion now OMnmenced, so tbat within 48 hrs. b 
ttie tJBiQ when the acid was given the four cubes were not only 
completely difisolved, hat mncli of the liquefiod alhomeu was 
absorbed. 

Experiment 11. — Two cubes of albumen (^ of an inch, or 
•6'i6 mm.) were placed on two leaves, and were treated with 
alkalies as in the last experiment, and with the same result; 
for after 22 hrs. they had their aaglea perfectly sharp, showing 
that the digestive process had been completely arrested. I tben 
wished to ascertain what would be the effect of nsing stronger 
hydrochloric acid ; so I added minate drops of the strength of 
1 per cent. This proved rather too strong, for after 48 hrs. 
from the time when the acid was added one cube was still 
almost perfect, and the other only very slightly rounded, and 
both were stained slightly pink. This latter fact shows that the 
leaves were injured,* for during the normal process of digestio: 
the albumen is not thus coloured, and we can thus understand 
why the cubes were not dissolved. 

From these experiments we clearly see that the 
secretion has the power of dissolving albumen, and 
we further see that if an alkali ia added, the process of 
digestion is stopped, but immediately recommences as 
soon as the alkaU is neutralised by weak hydroehlorio 
acid. Even if I had tried no other experiments than 
these, they would have almost sufficed to prove that 
the glands of Drosera secrete some ferment analo- 
gous to pepsin, which in presence of an acid gives 
to the secretion its power of dissolving albuminoua 
compounds. 

Splinters of clean glass were scattered on a large 
number of leaves, and theae became moderately in- 
flected. They were cut off and divided into three 
lota ; two of them, after being left for some time in 
B little distilled water, were strained, and some dia- 



• Sachs remarkB (' I'raitS do 
Bot; 1874, p. 774), that cella 
which are killed by fteezlng, by 
too great beat, or by obemioal 



agenta, allow all theb ooloming 
i^uading water. 



coloui-ed, viscid, slightly acid fluid was thus obtained. I 
The third lot was well soaked in a few drops ofl 
glycerine, which is wgII known to dissolve pepsin. 4 
Cubes of albumen (-^'u of an inch) were now placed \ 
in the tliree tluids in watch -glasses, some of which 
were kept for sevei-al days at about 90" Falir. 
( 32''-2 Cent.), and others at the temperature of my 
room ; but none of the cubes were dissolved, the ' 
angles remaining as sharp as ever. This fact pro- | 
bably indicates that the ferment is not secreted until J 
the glands are excited by the absorption of a minute I 
(quantity of already soluble animal matter,- — a con- J 
elusion which is supported by what we shall hereafter I 
Bee with respect to Diontea. Dr. Hooker likewise found I 
that, although the fluid within the pitchers of Ne- 1 
penthes possesses estraordinory power of digestion, yet ' 
when removed from the pitchers before they have 
been excited and placed in a vessel, it has no such 
power, although it is already acid ; and we can 
account for this fact only on the supposition that the 
proper ferment is not secreted until some exciting | 
matter is absorbed. 

On three other occasions eight leaves wore strongly 
excited with albumen moistened with saliva; they 
were then cut off, and allowed to soak for severa) 
hours or for a whole day in a few drops of glycerine. 
Some of this extract was added to a little hydro- 
chloric acid of various strengths (generally one to 
400 of water), and minute cubes of albumen were 
placed in the mixture." In two of these trials the 
cubes were not in the least acted on ; but in the third 



• As a ooDtrol experimont bita 
of albumen were pliiecd iu the 
•ame glycerine witli liydrochlotio 
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the exptriment was successful. For in a vessel con- 
taining two cubeSj both were reduced in size in 3 bra. j 
and after 24 hrg, mere streaks of umiisaolved albu- 
men were left. In a second vessel, cuutaining two 
minute ragged bits of albumen, both were likewise I 
reduced in size in 3 hrs., and aft«r 24 hrs. completely 1 
diaappoared. I then added a little weak hydro- 
chloric acid to both vessels, and placed fresh cubes 
of albumen in them; but these were not acted on. 
This lattor fact is intelligible according to the high 
authority of Schiff,* who has demonstrated, as he 
believes, in opposition to the view held by some 
physiologists, that a certain small amount of pepsin 
is destroyed during the act of digestion. So that if 
ray solution contained, as is probable, an extremely 
small amount of the ferment, this would have been 
consumed by the dissolution of the cubes of albumen 
first given; none being left when the hydrochloric 
acid was added. The destruction of the ferment 
during the process of digestion, or its absorption after 
the albumen had been converted into a peptone, will 
also account for only one out of the three latter sets 
of experiments having been successful, 

Dige^ion of Boast Meat. — Cubes of about -^ of an 
inch (1'27 mm.) of moderately roasted meat were 
placed on five leaves which became in 12 hrs. closely 
inflected. After 48 hrs, I gently opened one leaf, and 
the meat now consisted of a mimite central sphere, 
partially digested and surrounded by a thick envelope 
of transparent viscid fluid. The whole, without being 
much disturbed, was removed and placed under the 
microscope. In tlie central part the transverse strisa 
on the muscular fibres were quite distinct; and it was 
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iuteresting to observe how gradually they disappeared, 
whem the same fibre was traced into the surrounding 
fiuid. They disappeared by the strise being replaced 
by transverse lines formed of excessively minute dark 
points, which towards the exterior could be seen only 
under a very high power ; and ultimately these points 
were lost. When I made these observations, I had 
not read Schiffa account* of the digestion of meat 
by gastric juice, and I did not understand the mean- 
ing of the dark points. But this is explained in the 
following statement, and we further see how closely 
similar ia the process of digestion by gastric juice and 
by the secretion of Drosera. 

"On a dit que le sue pistrique fiuRait pordre k In fibre mnficu- 
laire eea stribs transversales. Ainsi Snoncee, cette propoEition 
pourrait donner lieu a una Equivoque, car ce qui se perd, ee n'eat 
qne I'a^ct ext^riour de la Etriature ot non los Sl^iucnts anato- 
miques qui U composent On sait que lea stries qui donnent un 
aspect si caracteristique a la fibre musculaire, Bont le resultat de 
la juxtaposition et du parallcUsiue dcs corpuEcuIos elcDJontaireB, 
places, il distances £gales, dans I'interieur des fibriljee conli^Ss. 
Or, d&B que le tiBSU connectif qui relie entra elies tea fibrillos 
^lemeutoires vient a Be gonfler et & se diEEoudre, et que les 
fibrilles elles-iDeines se diBsocieut, ce paralletiEme est detruit et 
avec lai I'aspect, le phenom^ne optique dea stries. Si, apres la 
d^gr6gation des iibreSj on examine an niicros<'ope lea fibrilica 
^lementaires, on distingue encore trSs-nettement a leur int^rieur 
les oorpuscules, et on continue a lea voir, de plus en plus p£1cs, 
jusqn'au moment on les flbrilies elies-m^mes se tiqnefieut et diE- 
paraisseDt dans le cue gastrique. Ce qui constitue la atriatnrei 
it pTopremect parler, n'ost done pas detruit, avant la lique- 
raction de la fibre charnue elle-mSme." 

In the viscid fluid surrounding the central sphere of 
undigested meat there were globules of fat and little 
bits of fibro-elastio tissue ; neither of which were in 
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tlie least digested. There were also little free paral- i 
lelograms of yellowish, highly translucent matter. I 
ScMff, in speaking of the digestion of meat by gastric | 
juice, alludes to such parallelograms, and says: — 



" Lo gonflement par leqnel comment la digestion de la vjande, 1 
reanlte de Taction du sue gastrique acide but le tissu connectii ] 
qui Be dis»>ut d'abord, et qui, par sa liquefaction, d^sagrege les I 
flbrilles. Celles-ci ee dissolvent ensuite en grande partie, mail 
avant de passer a I'etat liquide, elles teud-Qnt k se briser e 
petits tri^ments tranaversaux. Les ' Barcoui elemni li ' d 
Bowman, qui ne sout autre chose que les produita de cette I 
division transvei'sale dea fibrilJes Sleuiontaires, peuvent etre ' 
prSpar6s et iaolfe & I'aide du sue gnstrique, pourvu qu'on 
n'attend pas jiisqu'a. la liquefaction complete du muscle," 

After an interval of 72 hrs,, from the time when 
the five cubes were placed on the leaves, I opened the 
four remaining ones. On two nothing could be seen 
but little masses of transparent viscid fluid ; but 
when these were examined under a high power, 
fat-globulea, bits of fibro-elastic tissue, and some few 
parallelograms of sarcous matter, could be distin- 
guished, but not a vestige of transverse strife. On the 
other two leaves there were minute spheres of only 
partially digested meat in the centre of much trans- 
parent fluid. 

Fibrin. — Bits of fibrin were left in water during 
four days, whilst the following experiments were 
tried, but they were not in the least acted on. The 
fibrin which I first used was not pure, and included 
dark particles t it had either not been well prepared 
or had subsequently undergone some change. Thin 
portions, about -^ of an inch square, were placed 
on several leaves, and though the fibrin was soon 
liquefied, the whole was never dissolved. Smaller 
particles were then placed on four leaves, and minute 
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drops of hydrochloric acid (one part to 437 of I 
water) were added ; this seemed ia hasten the process 1 
of digestion, for on one leaf all was liquefied and 

absorbed after 20 hrs. ; but on the thi'ee other leaves \ 
Bome imdiasolved residue was left after 48 hrs. It ' 
is leioarkablQ that in all the above and following 
experiments, as well as when much larger bita of 
fibrin were used, the leaves were very little excited ; 
and it was sometimes necessary to add a little saliva 
to induce complete inflection. The leaves, moreover, 
began to re-espand after only 48 hrs., whereas they 
would have remained inflected for a much longer 
time had insects, meat, cartilage, albumen, &c., been 
placed on them. 

I then tried some pure white iibrin, sent me by Dr. 
Burdon Sanderson. 

Experiment. 1. — Two particles, barely -^ of an inch (1-27 mm.) 
Bqnare, were placed on opposite sides of tlie eaine loaf. One of 
these did not e^icite the Bturonnding t«ntacIeB, and the gland 
on which it rested soon di'ied. The other partiolo caused a few 
of the short odjoimng tentacles to be inflected, the more distant 
ones not twiiig affecl^d- After 2i hrs. both were almost, and 
after 72 hrs. completely, diBsolved. 

Experiment 2. — The same experiment with the same result, 
only one of the two hits of fihrin exciting the short surround- 
ing tentacles. This bit was so slowly acted on that after a 
day I pushed it on to some fresh glands. In three days from 
the time when it was first plactni oa the leaf it was completely 
dissolved. 

Experimenl 3. — Bits of fihrin of about the same size as before 
were placed on the discs of two leaves ; these caused very little 
inflection in 23 hrs., but after 48 hrs. bott were well clasped by 
the surroUDdiug short tentacles, and after an additiooal 24 hrs. 
were completely dissolved. Oa the disc of one of these leaves 
much clear acid fluid was left. 

Experimenl i. — Similar bits of fibrin were placed on the discs 
of two leaves ; as after 2 hrs. the glands seemed rather dry, 
they were freely moistened with saliva; this soon cansed 
■trong inflection both of the tentacles and blades, with copioui 
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Becretion Iroro the glands. In 18 hra. the fibrin was com*'] 
pletely liquolied, but undigested atoniB etill floated in 
liquid; these, however, disappeared in under two additional ] 

From these experiments it is clear tliat the secre- | 
tion completely dissolves pure fibrin. The rate of I 
dissolution h rather slow; but this depends merely ' 
on this substance not exciting the leaves sufficiently, 
BO that only the immediately adjoining tentacles are 
inflected, and the supply of secretion is small. 

Syntonin. — This substance, extracted from muscle, 
was kindly prepared for me by Dr. Moore. Very 
differently from fibrin, it acts quickly and energetic- 
ally. Small portions placed on the discs of three 
leaves caused their tentacles and blades to be strongly 
inflected within 8 hrs. ; but no further observations 
were made. It is probably due to the presence of 
this substance that raw meat is too powerful a stimn- \ 
lunt, often injuring or even killing the leaves. ' 

Areolar Tissue. — Small portions of this tissue from a 
sheep were placed on the discs of three leaves ; these 
became moderately well inflected in 24 hrs., but began 
to re-expand after 48 hrs., and were fully re-expanded 
in 72 hrs., always reckoning from the time when the 
bits were first given. This substance, therefore, like 
fibrin, excites the leaves for only a short time. The 
residue left on the leaves, after they were fully re- 
expanded, was examined under a high power and 
found much altered, but, owing to the presence of a 
quantity of elastic tissue, which is never acted on, 
could hardly be said to be io a liquefied condition. 

Some areolar tissue &ee from elastic tissue was nest 
procured from the visceral cavity of a toad, and 
motlerately sized, as well as very small, bits were 
jilaced on five leaves. After 24 hrs. two of the bits 
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were completely liquefied; two otiiers were rendered 
transparent, but not quite liquefied ; whilst the fifth 
was but little affected. Several glands on the three 
latter leaves were now moistened with a little saliva, 
which soon caused much inflection and secretion, 
with the result that in the course of 12 additional 
hra. one leaf alone showed a remnant of undigested 
tissue. On the discs of the four other leaves (to one 
of which a rather large bit had been given) nothing 
was left except some transparent viscid Suid. I may 
add that some of this tissue included points of black 
pigment, and these were not at all affected. As a 
control experiment, small portions of this tissue were 
left in water and on wet moss for the same length of 
time, and remained white and opaque. From these 
facts it is clear that areolar tissue is easily and 
quickly digested by the secretion ; but that it does 
not greatly excite the leaves. 

Cartilage. — Three cubes {^ of an inch ot 1"27 nan.) 
of white, translucent, extremely tough cartilage were 
cnt from the end of a slightly roasted leg-bone of a 
sheep. These were placed on three leaves, borne by 
poor, small plants in my greenhouse during Novem- 
ber ; and it seemed in the highest degree improbable 
that so hard a substance would be digested nnder 
gueh unfavourable circiim stances. Kevertheless, after 
48 hrs., the cubes were largely dissolved and con- 
verted into minute spheres, surrounded by trans- 
parent, very acid fluid. Two of these spheres were 
completely softened to their centres ; whilst the third 
still contained a very small irregularly shaped core 
of solid cartilage. Their surfaces were seen under 
the microscope to be curiously marked by prominent 
ridges, showing that the cartilage had been un- 
equally corroded by the secretion. I need hardlj 



104 



D1W8EBA BOTDHDIPOLIA. 



fMiy that cubea of the same cartilage, kopt in watw 
for the same length of time, were not in the Imsb. 
affected. 

During a more faTourable season, moderately sized 
bits of the skinned ear of a cat, which includes 
cartilage, areolar and elastic tissue, were placed on 
three leaves. Some of the glands were touched with 
saliva, which caused prompt inflection. Two of the 
leaves began to re-expand after three days, and the 
third on the fifth day. The fluid residue left on 
their discs was now examined, and consisted in one 
case of perfectly transparent, viscid matter; in the 
other two cases, it contained some elastic tissue and 
apparently remnants of half digested areolar tissue. 

Fihro-eartilage (from between the vertebrie of the 
tail of a sheep). Moderately sized and smaE bits 
(the latter about -jL of an inch) were placed on nine 
leaves. Some of these were well and some very little 
inflected. In the latter case the bits were dragged 
over the discs, so that they were well bedaubed 
with the secretion, and many glands thus irritated. 
All the leaves re-expanded alter only two days ; so 
that they were but little excited by this substance. 
The bits were not liquefied, but were certainly in an 
altered condition, being swollen, much more trans- 
parent, and so tender as to disintegrate very easily. 
My son Praiicia prepared some artificial gastric juice, 
which was praved efficient by quickly dissolving 
fibrin, and suspended portions of the fibro-cartUage 
in it. These swelled and became hyaline, exactly like 
those exposed to the secretion of Drosera, but were 
not dissolved. This result surprised me much, as 
two physiologists were of opinion that fibro-cartilage 
would be easily digested by gastric juice. I there- 
fore asked Dr. Klein to examine the specimens ; auil 



4 
I 



Chap. VL 



103 



he reports that the two which had been Bobjeeted to 
jirtificial gastric juiee were " in that state of diges- 
tion in which we find connective tissue when treated 
with an acid, viz. Bwollen, more or less hyaline, the 
fibrillar bundles having become homogeneous and lost 
their fibrUlor structure." In the specimens wliich had 
been left on the leaves of Drosera, until they re- 
eipanded, "parts were altered, though only slightly 
so, in the same manner as those subjected to the 
gastric juice, as they had become more transparent, 
almost hyaline, with the fibrillation of the bundles 
indistinct." Pibro-cartilage is therefore acted on in 
nearly the same manner by gastric juice and by the 
secretion of Drosera, 

Sone. — Small smooth bits of the dried hyoidal 
bone of a fowl moistened with saliva were placed on 
two leaves, and a similarly moistened splinter of an 
extremely hard, broiled mutton-chop bone on a third 
leaf. These leaves soon became strongly inflected, 
and remained so for an unusual length of time ; 
namely, one leaf for ten and the other two for nine 
days. The bits of bone were surrounded all the time 
by acid secretion. When examined under a weak 
power, they were found quite softened, so that they 
were readily penetrated by a blunt needle, torn into 
fibres, or compressed. Dr. Klein was so kind as to 
make sections of both bones and examine them. He 
informs me that both presented the normal appearance 
of decalcified bone, with traces of the earthy salts 
occasionally left. The corpuscles with their processes 
were very distinct in most parts ; but in some parts, 
especially near the periphery of the hyoidal bone, 
none could be seen. Other parts again appeared 
amorphous, with even the longitudinal striation of 
Lone not distinguishable. This amorphous structure 
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as Dr. BJein tliinta, may be the result eithei of 
incipient digestion of the flbroua basis or of all the 
animal matter having been removed, the corpuscles 
being thus rendered invisible. A hard, brittle, yellow- 
ish substance occupied the position of the medulla 
in the iragmenta of the hyoidal bone. 

As the angles and little projections of the fibrons 
basis were not in the least rounded oi corroded, two of 
the bits were placed on fresh leaves. These by the 
next morning were closely inflected, and remained 
so, — the one for six and the other for seven days, — 
therefore for not so long a time as on the first occasion, 
but for a much longer time than ever occurs with 
leaves inflected over inorganic or even over many 
organic bodies. The secretion during the whole time 
coloured litmus paper of a bright red ; but this may 
hare been due to the presence of the acid supei- 
phosphate of lime. When the leaves re-espanded, the 
angles and projections of the fibrous basis were as 
sharp as ever. I therefore concluded, falsely as we 
shall presently see, that the secretion cannot touch 
the fibrous basis of bone. The more probable expla- 
nation is that the acid was all consumed in decom- 
posing the phosphate of lime which still remained ; 
so that none was left in a free state to act in con- 
junction with the ferment on the fibrous basis. 

Enamel and Dentine. — As the secretion decalcified 
ordinary bone, I determined to try whether it would 
act on enamel and dentine, but did not expect that it 
would succeed with so hard a substance as enameL 
Dr. Klein gave me some thin transverse slices of 
the canine tooth of a dog; small angular fragments 
of which were placed on four leaves; and these were 
examined each succeeding day at the same hour. The 
results are, I think, worth giving in detail. 
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EJcperiTnent 1. — May 1st, fragment placed on leaf; 3rd, ten- 
taules but little inflected, bo a little Ealiva was added i 6th, as 
the tentaclas were not strongly inflected, the fragment was 
transferred to another leaf, which acted at first slowly, but by 
the 9th closely embraced it. On the 11th this second leaf 
began to re-expand; the fragment was niKiit(}stly softened, and 
Bt. Elein reports, "a great deal of enaoiel and the greater 
part of the dentine decalcified.'' 

Experiment 2. — May 1st, fragment placed on leaf; 2nd, ten- 
tacles fairly well inflected, with much eecretion on the dific, and 
remained go until the 7th, when the leaf re-expandod. The 
fragtnent was now transferred to a fresh leaf, which next day 
(Bth) was inflected in the strocgoet manner, and thus remained 
untU the 11th, when it re-espanded. Dr. Klein reports, "agroat 
deal of enamel and the greater part of the dentine decalcified." 

Ewferimer't 3, — May lat, fragment moistened with saliva and 
placed on a leaf, which remained well inflected until 5th, when 
it re-expanded. The enamel was not at all, and the dentins 
only slightly, softened. The fragment was now transferred to a 
fresh leaf, which neit morning (6th) whs strongly inflected, and 
remained so until the 11th. The enamel and dentine both now 
somewhat softened; and Dr. Elein reports, " less than half the 
enamel, but the greater part of the dentine, decalcified." 

Etcperimeiit 4.— May 1st, a minute and thin bit of dentine, 
moistened with saliva, was placed on a leaf, which was soon 
inflected, and le-expanded on the 5th. The dentine had become 
as flexible as thin paper. It was then transferred to a fresh leaf, 
which next morning (6th) was strongly inflected, and reopened 
on the loth. The decalcified dentine was now so tender that it 
was torn into shreds merely by the force of the re-expanding 



From tbeae experiments it appears tliat enamel ia 
attacked by the secretion with more difScuity than 
dentine, as might have been expected from its ex- 
treme hardness ; and both with more difficulty than 
ordinary bone. After the process of dissolution has 
once commenced, it is carried on with greater ease ; 
this may be inferred from the leaves, to which the 
fragments were transferred, becoming in all four cases 
Btrongiy inflected in the course of a single day ; whereas 
the first set of leaves acted much loss quickly and 
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energetically. Tlie angles or projections of the fibrous 
basis of the enamel and dentine (except, perhaps, in 
No. 4, which could not be well observed) were not in 
the least rounded ; and Dr. Klein remarks that their 
microscopical structure was not altered. But this 
could not have been expected, as the decalcification 
was not complete in the three epecimeus which were 
carefully examined. 

Fibrous Basis of Bone. — I at first concluded, as 1 
already stated, that the secretion could not digest tliig ] 
substance. I therefore asked Dr. Burden Sanderson [ 
to try bone, enamel, and dentine, in artificial gastrio I 
juice, and he found that they were after a considerable 
time completely dissolved. Dr. Klein examined some 
of the small lamelloe, into which part of the skull of a 
cat became broken up after about a week's immersion 
in the fluid, and he found that towards the edges the 
" matrix appeared rarified, thus producing the appear- 
ance as if the canaliculi of the bone-corpuscles had 
become larger. Otherwise the corpuscles and theii* 
canaliculi were very distinct." So that with bone 
subjected to artificial gastric juice complete de- 
calcification precedes the dissolution of the fibrous 
basis. Dr. Bardon Sanderson suggested to me that 
the failure of Droacra to digest the fibrous basis of 
bone, enamel, and dentine, might be due to the acid 
being consumed iu the decomposition of the earthy 
salts, 80 that there was none left for the work of 
digestion. Accordingly, my son thoroughly decal- 
cified the bone of a sheep with weak hydrochloric 
acid ; and seven minute fragments of the fibrous 
basis were placed on so many leaves, four of the 
fragments being first damped with saliva to aid 
prompt inflection. All seven leaves became inflected, 
but only very moderately, in the course of a day. 



They quickly began to re-expand; five of them on 
the second day, and the other two on the third day. 
On all seven leaves the fibrous tissue was converted 
into perfectly transparent, nseirl, more or less lique- 
fied little masses. In the middle, however, of one, 
my son saw under a high power a few corpuscles, 
with traces of fibrillation in the surrounding trans- 
parent matter. From these liicts it is clear that the 
leaves are very little excited by the fibrous basis of 
bonej but that the secretion easily and quickly lique- 
fies it, if thoroughly decalcified. The glands which 
had remained in contact for two or three days with 
the viscid masties were not discoloured, and appa- 
rently bad absorbed little of the liquefied tissue, 
or had been little afi'ected by it. 

Phosphate of Lime. — As we have seen that the ten- 
tacles of the first set of leaves remained clasped for 
nine or ten days over minute fragments of bone, and 
the tentacles of the second set for six or seven days 
over the same fragments, I was led to suppose that 
it was the phosphate of lime, and not any included 
animal matter, which caused such long continued in- 
flection. It is at least certain from what has just been 
shown that this cannot have been due to the presence 
of the fibrous basis. With enamel and dentine 
(the former of which contains only 4 per cent, of 
oi^anic matter) the tentacles of two successive sets 
of leaves remained inflected altogether for eleven 
days. In order to test my belief in the potency of 
phosphate of lime, I procured some from Prof. Frank- 
land absolutely free of animal matter and of any acid. 
A small quantity moistened with water was placed 
on the discs of two leaves. One of these was only 
slightly affected ; the other remained closely inflected 
for ten days, when a few of the tentacles began tc 
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rc-tixpajid, the rest being much injured or killed. I 
repeated the experiment, but moistened the phosphate 
with saKva to insure prompt inflection ; one leaf re- 
mained inflected for six days (the little saliva used 
would not have acted for nearly so long a time) and. 
then died; the other leaf tried to re-expand on tha 
sixth day, but after nine days failed to do so, and 
likewise died. Although the quantity of phosphate 
given to the above four leaves was extremely small, 
much was left in every case undissolved. A larger 
quantity wetted with water was next placed on the 
discs of three leaves ; and these became most strongly 
inflected in the course of 24 hra. They never re- 
expanded ; on the fourth day they looked siclcly, 
and on the sixth were almost dead. Large dropa 
of not very viscid fluid hung from their edges during 
the six days. This fluid was tested each day with 
litmus paperj but never coloured it ; and this cir- 
cumstance I do not understand, as the superphosphate 
of lime is acid. I suppose that some superphosphate 
must have been formed by the acid of the secretion 
acting on the phosphate, but that it was all absorbed 
and injured the leaves ; the large drops which hung 
from their edges being an abnormal and dropsical 
secretion. Anyhow, it is manifest that the phos- 
phate of lime is a most powerful stimulant. Even 
small doses are more or less poisonous, probably on 
the same principle that raw meat and other nutri- 
tious substances, given in excess, kill the leaves. 
Hence the conclusion, that the long continued in- 
flection of the tentacles over fragments of bone, 
enamel, and dentine, is caused by the presence of 
phosphate of lime, and not of any included animal 
matter, is no doubt correct. 

Gelatine. — I used pure gelatine in thin shoots given 
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me by Prof. Hofimann. For comparison, sqaares of 
tte same size as those placed on the leaves were left 
close by on wet moss. These eoon swelled, but re- 
tained their angles for three days ; after five days 
they formed rounded, softened masses, but even on the 
eighth day a trace of gelatine could still be detected- 
Other squares were immersed in water, and these, 
though much swollen, retained their angles for six 
days. Squares of ^g of an inch { 2'54 mm.), just 
moistened with water, were placed on two leaves ; and 
after two or three days nothing was left on them but 
some acid viscid fluid, which in this and other eases 
never showed any tendency to regektinise ; so that 
the secretion must act on the gelatine differently 
to what water does, and apparently in the same 
manner as gastric juice.* Four squares of the same 
size as before were then soaked for three days in water, 
and placed on largo leaves ; the gelatine was liquefied 
and rendered acid in two days, but did not excite 
much inflection. The leaves began to re-expand after 
four or five days, much viscid fluid being left on their 
discs, as if but little had been absorbed. One of these 
leaves, as soon as it re-expanded, caught a small fly, 
and after 24 hrs. was closely inflected, showing how 
much more potent than gelatine is the animal matter 
absorbed from an insect. Some larger pieces of gela- 
tine, soaked for five days in water, wore next placed 
on three leaves, but these did not become much in- 
flected until the third day ; nor was the gelatine 
completely liquefied until the fourth day. On this 
day one leaf began to re-expand ; the second on the 
fifth ; and third on the sixth. These several facta 
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prove that gelatine is far feom acting eucrgeti 
on Drosera. 

In tho last chapter it was shown that a solution 
isinglass of commerce, as thick as milk or cream, 
iniiuceg strong inflection. I therefore wished to com- 
pare its action with that of puie gelatine. Solutions 
of one part of both substances to 218 of water were 
niatle ; and half-minim drops (■0296 ml.) were placed 
on the discs of eight leaves, so that each received 
T^TT of a grain, or '135 mg. The four with the isin- 
glass were much more strongly inflected than the 
other four. I conclude therefore that isinglass con- 
tains some, though perhaps very little, soluble albu- 
minous matter. Aa soon as these eight leaves re- 
expanded, they were given bits of roast meat, and in 
some hours all became greatly inflected ; again show- 
ing how much more meat excites Drosera than does 
gelatine or isinglass. This is an interesting fact, as 
it is well known that gelatine by itself has little 
power of nourishing animals." 

Chondrin. — ^This was sent me by Dr. Moore in a 
gelatinous state. Some was slowly dried, and a small 
cliip was placed on a leaf, and a much larger chip on 
a second leaf. The first was liquefied in a day ; the 
larger piece was much swollen and softened, but was 
not completely liquefied until the third day. The 
nndried jelly was next tried, and as a control experi- 
ment small cubes were left in water for foui' days 
and retained their angles. Cubes of the same size 
were placed on two leaves, and larger cubes on two 
other leaves. The tentacles and laminro of the latter 
were closely inflected after 22 hra., but those of the 
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two leaves with the smaller cubes only to a moderate 
degree. The jelly on all four was by this time lique- 
fied, and rendered very acid. The glands were 
blackened from the aggregation of their protoplasmic 
contents. In 46 bra. from the time when the jelly 
was given, the leaves had almost re-expanded, and 
completely flo after 70 bra. ; and now only a little 
slightly adhesive fluid was left unabsorbed on their 
discs. 

One part of cbondrin jeUy was dissolved in 218 
parts of boiling water, and half-minim drops were 
given to four leaves ; so that each received about ^f-^ 
of a grain (-135 mg.) of the jeUy ; and, of course, 
much less of dry cbondrin. This acted most power- 
fully, for after only 3 hrs. 30 m. all four leaves were 
fttrongly inflected. Three of them began to re- 
expand after 24 hrs., and in 48 bra. were completely 
open ; bnt tba fourth had only partially re-expanded. 
All the liquefied cbondrin was by this time absorbeil. 
Hence a solution of cbondrin seems to act far more 
quickly and energetically than pure gelatine or isin- 
glass; but I am assured by good authorities that it 
ia most difficult, or impossible, to know whether 
cbondrin ia pure, and if it contained any albumi- 
nous compound, tbia would have produced the above 
effects. Nevertheless, I have thought tbeae lacts worth 
giving, as there is so much doubt on the nutritious 
value of gelatine ; and Dr. Lauder Brunton does not 
know of any experiments with respect to animals on 
the relative value of gelatine and cbondrin. 

MiJk. — We have seen in the last chapter that milk 
acts mc«t powerfully on the leaves ; but whether tliia 
Is due to the contained casein or albumen, I know not. 
Sathcr large drops of milk excite so much secretion 
(which is very acid) that it sometimes trickles down 
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fiom. the leaves, and this ia likewise characteristic 
chemically prepared casein. Minute diops of mil^". 
placed on leaves, were cuagolated in about tea 
iiiiuutGS. Schiff denies* that the coagulation of milk 
by gastric juice is exclusivoiy due to the acid which 
ia present, but attributes it iu part to the pepsin; 
aud it seems doubtful whether with Drosera the 
coagulation can ba wholly due to the acid, as the 
secretion does not commonly colour litmus papei 
until the tentacles have become well inflected ; 
whereas the coagulation commences, as we have seen, 
in about ten minutes. Minute drops of skimmed 
milk were placed on the discs of five leaves; and a 
large proportion of the coagulated matter or curd 
was dissolved in 6 hra. and still more completely 
in 8 hrs. These leaves re-expanded after two days, 
and the viscid fluid left on their discs was then car&- 
fully scraped off aud esamlQed, It seemed at first 
sight as if all the casein had not been dissolved, fop 
a little matter was left which appeared of a whitish 
colour by reflected light. But this matter, when 
examined under a high power, and when compared 
with a minute drop of skimmed milk coagulated by 
acetic acid, was seen to consist exclusively of oil- 
globules, more or leas aggregated together, with no 
trace of casein. As I was not familiar with the 
microscopical appearance of milk, I asked Dr. Lauder 
Brunton to examine the slides, and he tested the 
globules with ether, and found that they were dis- 
solved. We may, therefore, conclude that the secretion 
quickly dissolves casein, in the state in which it exists 
in milk. 

Chemically Prepared Casein. — This substance, which 
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is insoluble in water, is supposed by man}^ ciiemists to 
differ from the casein of fresh milk. I procured some, 
consisting of hard globules, from Messrs. Hopkins and 
Williams, and tried many experiments with it. Small 
particles and the powder, both in a dry state and 
moistened with water, caused the leaves on which they 
were placed to be inHected very slowly, generally not 
until two days had elapsed. Other particlos, wetted 
with weak hydrocMoric acid (one part to 437 of 
water) acted in a single day, as did some casein 
freshly prepared for me by Dr. Moore. The ten- 
tacles commonly remained inflected for from seven 
to nine days ; and during the whole of this time the 
secretion was strongly acid. Even on the eleventh 
day some secretion left oa the disc of a fully re- 
expanded leaf was strongly acid. The acid seems 
to be secreted quickly, for in one case the secre- 
tion from the discol glands, ou which a little 
powdered casein had been strewed, coloured litmus 
paper, before any of the exterior tentacles were 
inflected. 

Small cubes of hard casein, moistened with water, 
were placed on two leaves ; after three days one cube 
had its angles a Kttle rounded, and after seven days 
both consisted of rounded softened masses, in the 
midst of much viscid and acid secretion ; but it must 
not be inferred from this fact that the angles were 
dissolved, for cubes immersed in water were similarly 
acted on. After nine days these leaves began to re- 
expand, but in this and other cases the casein did not 
appear, as far as could be judged by the eye, much, if 
at all, reduced in bulk. According to Hoppe-Seylei 
and Lubavin* casein consists of an albuminous, with 
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a non-albtiiniuoua, substance ; and the absorption oi 
very small quantity of the former would excite the 
leaves, and yet not decrease the casein to a percep- 
tible degree, Schiff asserts* — and this is an imports 
ant fact for ua — that " la cas^ine purifiee des chimistea 
est un corps pieaque completement inattaquable par 
le sue gastrique." Bo that here we have another 
point of accordance between the secretion of Drosera 
and gastric juice, as both act so differently on the 
fresh casein of milt, and on that prepared by 
chemists. 

A few trials were made with cheese ; cubes of Vo of 
an inch (1'27 mm.) were placed on four leaves, and 
these after one or two days became well inflected, 
their glands pouring forth much acid secretion. 
After five days they began to re-expand, tut one 
died, and some of the glands on the other loaves were 
injured. Judging by the eye, the softened and sub- 
sided masses of cheese, left on the discs, were very 
little or not at all reduced in bulk. We may, how- 
ever, infer from the time during which the tentacles 
remained inflected, — from the changed colour of some 
of the glands, — and from the injury done to others, 
that matter had been absorbed from the cheese. 

Leffumin.—l did not procure this substance in a 
Beparate state ; but there can hardly be a doubt that 
it would be easily digested, judging from the powerful 
effect produced by drops of a decoction of green 
peas, as described in the last chapter. Thin slices of 
a dried pea, after being soaked in water, were placed 
on two leaves ; these became somewhat inflected in 
the course of a single hour, and most strongly so in 
21 hrs. They re-expanded after three or four daT& 
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The slices were not liquefied, for the walls of the cells, 
composed of cellulose, are not in the least acted on 
by tie secretion. 

PoQen. — ^A little fresh pollen from the common pea 
waa placed on the discs of five leaves, which soon 
became closely inflected, and remained so for two or 
three days. 

The grains being then removed, and examined under 
the microscope, were found discoloured, with the oil- 
globules remarkably aggregated. Many bad their 
contents much shrunk, and some were almost empty. 
In only a few cases were the pollen-tubes emitted. 
There could be no doubt that the secretion had 
penetrated the outer coats of the grains, and had 
partially digested their contents. So it must be 
with the gastric juice of the insects which feed on 
pollen, without masticating it.* Drosera in a state of 
nature cannot &il to profit to a certain extent by this 
power of digesting pollen, as innumerable grains from 
the carices, grasses, mmices, fir-trees, and other wind- 
fertilised plants, which commouly grow in the some 
neighbourhood, will be inevitably caught by the viscid 
secretion surroundiag the many glands. 

Qluien. — This substance is composed of two albu- 
minoids, one soluble, the other insoluble in alcohol.t 
Some was prepared by merely washing wheaten flour 
in water. A provisional trial was made with rather 
large pieces placed on two leaves ; these, after 21 hrs., 
were closely inflected, and remained so for four days, 
when one was killed and the other bad its glands 
extremely blackened, but was not afterwards obsorved. 
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Smaller I)its were placed on two leaves; these i 
only slightly inflected in two days, but afterwards I 
became much more so. Their secretion was not so | 
strongly acid aa that of leaves excited by casein. 
The bits of gluten, after lying for three days on the 
leaves, were more transparent than other bits left for 
the same time in water. After seven days both leaves 
re-expanded, but the gluten seemed hardly at all 
reduced in bulk. The glands which had been in 
contact with it wore extremely black. StUl smaller 
bits of half putrid gluten were now tried on two i 
leaves ; these were well inflected in 24 hrs., and | 
thoroughly in four days, the glands in contact being ' 
much blackened. After five days one leaf began to 
re-expand, and after eight days both were fully r^ 
expanded, some gluten being still left on their discs. 
Four little chips of dried gluten, just dipped in 
water, wore next tried, and these acted rather dif- 
ferently from fresh gluten. One leaf was almost 
fully re-expauded in three days, and the other three 
leaves in four days. The chips were greatly softened, 
almost liquefied, but not nearly all dissolved. The 
glands which had been in contact with them, instead 
of being much blackened, were of a very pale colour, 
and many of them were evidently killed. 

lu not one of these ten cases was the whole of the 
gluten dissolved, even when very small bits were 
given. I therefore asked Dr. Eiudon Sanderson to 
try gluten in artificial digestive fluid of pepsin with 
hydrochloric acid ; and this dissolved the whole. 
The gluten, however, was acted on much more slowly 
than fibrin ; the proportion dissolved within four 
hours being as 40-8 of gluten to 100 of fibrin. 
Ciluten was also tried in two other digestive fluids, 
in which hydrochloric acid was replaced by propionic 
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anil butyric aciiis, and it was completely diasolved by 
these fluids at the ordinary temperature of a room. 
Here, then, at last, we have a case in which it appears 
that there exists an essential difierence in digestive 
power between the secretion of Droaera and gastric 
juice; the difference being confined to the ferment, 
for, as we have juat seen, pepsin in combination with 
acids of the acetic series acts perfectly on gluten. 
I believe that the explanation lies simply in the fact 
that gluten is too powerful a stimulant (like raw 
meat, or phosphate of lime, or even too large a piece 
of albumen), and that it injures or kills the glands 
before they have had timo to pour forth a suflicient 
supply of the proper secretion. That some matter is 
absorbed from the gluten, we have clear evidence in 
the length of time during which the tentacles remain 
inflected, and in the greatly changed colour of the 
glands. 

At the suggestion of Dr. Sanderson, eome gluten 
was left for IShrs. in weak hydrochloric acid ("02 per 
cent.), in order to remove the starch. It became 
colourless, more transparent, and swollen. Small 
portions were washed and placed on five leaves, which 
were soon closely inflected, but to my surprise re- 
expanded completely in 48 hra. A mere vestige of 
gluten was left on two of the leaves, and not a vestige 
on the other three. The viscid and acid secretion, 
which remained on the discs of the three latter 
leaves, was scraped off and examined by my son 
under a high power ; but nothing could be seen 
except a little dirt, and a good many starch grains 
which had not been dissolved by the hydrochloric 
acid. Some of the glands were rather pale. We 
thus learn that gluten, treated with weak hydro- 
ohloric acid, is not so powerful or so enduring a 



DBObEUA BOTUNDIFOIIA. 



Btimuliint as fresh gluten, and does not much injure 1 
the glands ; and we further leam that it can be di- 1 
gested quickly and completely by the secretion. 



QliituUn or CrydalUit. — This mibetoDce was kindty prepared 
tot me from the lens of the eye by Dr. Moore, and consiHted of 
linrd, colourless, tranepareat fragments. It is said* tliat globulin 
ought to " BWell up in water and dieaolve, for the most part 
forming a gummy liquid ;" but this did not occiu: with the above 
fragmente, though kopt is water for four days. Particles, some 
moietened with wat^r, others with weak hydrochloric acid, 
others soaked in water for one or two days, were placed on 
nineteen leaves. Most of these leaves, especially those with the 
long Boaked partielea, became etrongly inflected in a few hours. 
The greater number re-espanded after throe or four daye ; but 
three of the leaves remained infected during one, two, or three 
additional days. Hence some exciting matter must have been 
absorbed; but the fragments, thongh perhaps softened in a 
greater degree than those kept for the same time in water, 
retained all their angles as sharp as ever. As globulin la an 
albuminous substance, I was astonished at this result ; and ray 
object being to compare the action of the secretion with that ot 
gastric juice, I aabed Dr. Durdon Sanderson to try some of the 
globulin used by me. He reports that "it was subjected to % 
liquid containing 0'2 per cent, of hydrochloric acid, and about 
1 per cent, of glycerine extract of the stomach of a dog. It was 
then ascertained that this liquid was capable of digesting 1'31 
of its weight of unboiled fibrin in 1 hr.; whereas, during the 
hour, only 0-141 of the above globulin was diBsolved. In both 
oases an excess of the substance to be digested was subjected to 
the Uquid/'t We thus see that within the same time less than 
one-ninth by weight of globulin than of fibrin was dissolved; 
.and bearing in mind that pepsin with acids of the acetic series 
baa only about one-third of the digestive power of pepsin with 
hydrochloric acid, it is not surprising that the fragments of 
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• Watts' ■ Diet, of ChemiEtry,' 
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t 1 miiy add that Dr. Sacd^- 
eon prepared some froeh clobulia 
by Schmidt's method, and of tliis 
0365 was dl^olved »itbin the 
■ame thus, namely, one hour ; M 



that it was far more soluble than 
that which I need, though lew 
EOliible tban fibria, of which, us 
we have seen, 131 was dissolved. 
I wisli that X bad tried ou Dn>< 
Hera globulin propared by thir 
method. 
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globulin were not eorrodod or rminiiod by the socretioii of 
Drosera, though some soluble mutter waa certainly extraoted 
from tbem and absorbod by the glands. 

Hcematm. — Some dark red. granules, prepared from bullock's 
blood, were given uie; these were found by Dr. Sanderson to 
be iiiEolable tu wat^r, aciilfi, and aleobol, so that tbey were pro- 
bably h»niatin, together with other bodies derived from the 
blood. Particles with Utile drops of water were placed on 
fou< leaves, three of which were pretty closely inflected in two 
days ; the fourth only moderately so. On the third day the 
glands in contact with the hiematin were blackened, and Bome 
of the tentacles seemed injured, After five days two leaves 
died, and the third was dying; the fourth was beginning to re- 
expnnd, but many of its glands were blackened and injured. 
It ta therefore clear that matter had been abBoibed which was 
either actoaUy poisonous or of too stimulating a nature. The 
psxticles were mncb more softeQed than those kept for the Bome 
time in water, bat, judging by the eye, very little reduced in 
bulk. Dr. Sanderson tried this substance with artificial digestive 
fluid, in the manner described under globulin, and found that 
whilst I'31 of fibrin, only 0*456 of the htematin was dissolved 
in an hour; but the dissolution by the secretion of even a less 
amoijnt would aecoimt for its action on Brosera. The residue 
left by the artificial digestiTe fluid at first yielded nothing more 
to it during several succeeding days. 

Substances which are not Digested hf the Secretion. 
All the Bubstancee hitherto mentioned cause pro- 
longed inflection of the tentacles, and are either com- 
pletely or at leust partially dissolved by the secretion. 
But there are many other substances, some of them 
containing nitrogen, which are not in the least acted 
on by the secretion, and do not induce inflection for a 
longer time than do inorganic and insoluble objects. 
These unexciting and indigestible substances are, as 
far aa I have observed, epidermic productions (such 
OS bits of human nails, balls of hair, the quills of 
feathers), fibro-elaatic tissue, mucin, pepsin, urea, 
chitine, chlorophyll, cellulose, gim-cotton, fat, oil, and 
starch. 
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To these may be added disaolvcd sugar and gum, ' 
diluted alcohol, and vegetable infusions not containing 
albumen, for none of these, as shown in the last 
chapter, excite inflection. Now, it is a remarkablB 
fa«t, which affords additional and important evidence, 
that the ferment of Drosera ia closely similar to or 
identical with pepsin, that none of these same sub- 
stances are, as far as it is known, digested by the ga^ 
trie juice of animals, though some of them are acted 
on by the other secretions of the alimentary canal. 
Nothing moro need be said about some of the above 
enumerated substances, excepting that they were re- 
peatedly tried on the leaves of Drosera, and were not 
in the least affected by the secretion. About the 
others it will be advisable to give my experiments. 

Fibro-elasfie Tissue. — We have ftlreadj Been that when little 
cubes of meat, &c., were placed on leaves, the uiuKcles, areolar 
tiasae, and cartilage were completely dissolved, but the fibro- 
elastic tissue, even the most delicate threads, were left without 
the least signs of having been attacked. And it is well known 
that this tissue caimot be digeKted by the gnsfric juice of 
animals.* 

Mucin. — As this substance contains about 7 per cent, of 
nitrogen, I espected that it would have escited the leaves 
greatly and been digested by the secretion, but in this I 
was mistaken. From what is stated in chemical works, it 
appears extremely doubtful whether mucin can be prepared oa 
a pure principle. That which I used (prepared by Dr. Moore) 
was dry and hard. Particles moistened with water were placed 
on ibiir leaves, but after two days there was only a trace of 
inHeotion in the immediately adjoining tentacles. These leaves 
were then tried with bits of meat, and all foiu- soon became 
strongly inflected. Some of tho dried mucin was then soaked 
ID water for two days, and little cubes of the proper eiza 
were placed on three leaves. After four days the tentacles 

• See, tor inatnnce, Sahiff, ' Phys. do ,i Digestion,' IBlj?. tnjii. ii 
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Kumd the murginB of the disra were a littlo infleoled, and 
the fieuretion collected on the disc was acid, but the oilerior 
tentacles were not affected. Ono leaf began to rc-eipand on tho 
fourth day, and all were fully re-eipanded on the eiith. Tho 
glands which had been in contact with the nmcin were a little 
darkened. We ma; therefore conclude that a nnall eiinonnt of 
Bome impurity of a moderately eicitjag nature had bocn 
absorbed. That the mucin employed by me did contain some 
soluble matter was proved by Dr. Sanderson, who on subjecting 
it to artiBcial gastric juice found that in I hr. some waB dis- 
solved, but only in tho proportion of 23 to 100 of fibrin during 
the same time. The eubea, thongh perhaps rather softer than 
those left in water for the eame time, retained their angles as 
sharp as ever. We may therefore infer tbat the mucin itself 
was nut dissolved or digested. Nor is it digested by the 
gastric juice of living animals, and according to Schiff* it is a 
layer of this substance which protects the coats of the stomach 
fiwm being corroded during digestion. 

I'epan. — My eiperimeots are hardly worth giving, as it is 
BCOrcely possible to prepare pepsin free from other albuminoids ; 
but I was cniiouB ta ascertain, as far as that was possible, 
whether the ferment of the secretion of Drosera would act oa 
the ferment of the gastric juice of animals. I first used the 
common pepsin sold for medicinal purposes, and afterwards 
some which was much purer, prepared for me by Br. Moore. 
Five leaves to which a considerable quantity of the former was 
given remained inflected for five days ; four of them then died, 
apparently from too groat stimulation. I then tried Dr. Moore's 
pepsin, making it into a paste with water, and placing such 
small particles ou the discs of five leaves that all wonld have 
been quickly dissolved had it been meat or albumen. The 
leaves were soon inflected; two of them be^an to re-expand 
after only 20 hrs., and the other three were almost completely 
re-ezpanded after 44 hrs. Some of the glands which had betn 
in contact with the particles of pepsin, or with the acid secre- 
tion surrounding tliem, were singuhirly pale, whereas others 
were singularly davk-coloared. Some of the secretion was 
1 craped off and examined under a high power ; and it abounded 
with granules undistinguishable from those of pepsin left in 
water for the same length of time. We may therefore infer, 
as highly probable (remembering what small quantities were 
given), that the ferment of Droeera does not act ou or digi.'st 

• 'Lc^ona phye. ds la Digestion,' 1867, tom. ii. p. 301 
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pepsin, bat absorbs from it Bome albunuDuus impurity which 
induces infloction, and whicli in larga quBntity is liighly 
injurious. Br. Lauder Brunton at my request cndcBvoured to 
tseertain whether pepain with hydrochloric acid would digest 
pepsin, and as fin as he could judge, it had no Buoh power. 
Gastric juice, theretbre, apparently agrees in this respect with 
the BccretJou of Drosera. 

Urea. — It seemed to me an intereBtiiig inquiry whether this 
refoHe of the living body, which contains mach nitrogen, 
would, hk6 80 many other animal fluids and Eubstasees, be 
absorbed by the glands of Drosera and cause inflection. Half- 
minim drops of a solution of one part to 437 of water were 
placed on the discs of four leaves, each drop containing the 
quantity usually employed by me, uameiy ^j^ of a grain, or 
■067i mg.; but the leaves were hardly at all affected. They 
were then tested with bits of meat, and soon became closely 
inflected. I repeated the same esperiment on four leaves 
with some fresh urea prepared by Dr. Moore ; after two days 
there was no inflection; I then gave them another dose, but 
still there was no inflection. These leaves were afterwards 
tested with similarly sized drops of an infusion of raw meat, 
and in 6 hrs. there was considerable inflection, which becamo 
escessive in 24 hra. But the urea apparently was not .quite 
pure, for when four leaves were immersed in 2 dr. (7"1 mL) of 
the solution, so that all the glands, instead of merely those on 
the diao, were enabled to absorb any small amount of impurity 
in solution, there was considerable inflection after 24 hrs., 
certainly more than would have followed from a similar im- 
meraioa in pure wat«r. That the urea, wliich was not per- 
fectly white, should have contained a suflicient quantity of 
albuminous matter, or of some salt of ammonia, to have caused 
the above effect, is far from surprising, for, as we shall see 
in the nest chapter, astonishingly small doses of ammonia 
ore highly efflcicnt We may therefore conclude that urea itself 
is not exciting or nutritions to Drosera ; nor is it modified by 
the secretion, so as to he rwidered nutritious, for, had this been 
the case, all the leaves with drops on their discs osanredly 
would have been well inflected. Dr. Lauder Bmnton informs 
me that from exjieriments made at my request at St. Bartho- 
lomew's Hospital it appears that urea is not acted on by 
artiiicia! gastric juice, that is by pepsm with hydrochloric acid. 

Cliitme. — The chitinous coats of insects naturally oaptiired by 
the leaves do not appear in the least corroded. Small square 
pieces of the delicate wing and of the elytron of a Staphyliuns 
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M'ere placed oo boihg lenveH, and aftet theae hitri ro-exponded, 
the pieces were csrofully examioed. Ibeir angles were as 
ehnrp as ever, and they did not diffur in appearauce from the 
other ning and elytron of the snine Insect which had been left 
in water. The elytron, howoyer, had evidently yielded some 
nntrilions matter, for the leaf remained clasped over it for four 
days ; whereas the leaves with bits of the tme wing re-cxpanded 
on the second day. Any one who will examine the einrement 
of insecUeating animals will see how powerless their gastrio 
jnioe is on chitiue. 

CriJiufcie.— I did not obtain this substance in a separate state, 
bat tried sngnlar bits of dry wood, cork, sphagnum moss, linen, 
and cotton thread. None of tbose bodies were in the least 
attacked by the secretion, and they caused only that moderate 
amount of inflection which is common to all inorganic objects. 
Gun-cotton, which consists of cellnlose, with the hydrogen 
replaced by nitrogen, was tried with the same result. We have 
S(«n that a decoction of cabbage-leaves excites the most power- 
ful inflection. I therefore placed two httle square bits of the 
blade of a cabbago-Ieaf, and four little cubes CBt from the 
midrib, on six leaves of Drosera. These became well inflected 
in 12 hrs,, and remained so for between two and four days; 
the bite of cabbnge being bathed all the time by acid secre- 
tion. This shows that some exciting matter, to which I shall 
presently refer, had been absorbed ; but the angles of the 
squarea and cnbes remained as sharp as ever, pioving that the 
framework of cellulose had not been attacked. Small squaro 
bits of spinach-leaves were tried with the same result; the 
glands pouring forth a moderate supply of acid secretion, 
and the tentacles remaining inflected for three days. We have 
also seen that the delicate coats of pollen grains are not dissolved 
by the secretion. It is well known tliat the gastric Juice of 
* animals does not attack cellulose. 

ChloraphylL — This substance was tried, as it contains nitrogen. 
Dr. Moore sent me some preserved in alcohol; it was dried, but 
soon deliquesced. Particles were placed oa four leaves; after 
8 hrs. the secretion was acid ; after 8 hrs. there was a good deal 
of inflection, which in 24: hrs. became fairly well marked. After 
four days two of the leaves began to open, aad the other two 
were then almost fully re-expanded. It ia therefore clear that 
this chlorophyll contained matter which excited the leaves to a 
moderate degree; but Judging by the eye, little or none was dis- 
solved ; so that in a pure state it would not probably have been 
attacked by the secretion. Br. Sanderson tried that which I 
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used, aa well tis some freshly prepared, vrith arliflpial digestrri 
liquid, and foimd thai it waa not digested. Br. Lauder Bruntoa I 
likewise tried some prepared by the process given iii the British ' 
Pharmaoopceia, and exposed it for five days at the tomperatnrs 
of 37° Cent, to digestive liquid, bat it was not dimioished in 
bulk, though the fluid acquired a slightly brown colour. It wai 
also tried with the glycerine extract of pancroaa with a negatJTC 
reeuit. Nor does chlorophyll seem affected by the intestinal i 
aearetions of varioua animals, judgmg by the colour of their 
escrement. 

It Kuist not bo supposed from those facts that the grains of 
chlorophyll, aa they exist in living pianta, cannot he attacked hy 
the secretion ; for these grains consist of protoplasm merely 
coloured hy chlorophyll. My son Francis placed a thin shce of 
spinach leaf, moistened with saliva, on a leaf of Brosera, and 
other slices on damp cotton-wool, all exposed to the same 
temperature. After 19 hrs. the slice on the leaf of Drosera was 
bathed in much secretion from the inflected tentacles, and waa 
now examined under the microscope. No perfect grains of 
chlorophyll could be distinguished ; some were shrunken, of a 
jellowjsh-green colour, and collected in the middle of the cells; 
others were disintegrated and formed a yellowish mass, likewise 
in the middle of the cells. On the other hand, in the slices 
surrounded hy damp cotton-wool, the grains of chlorophyll were 
green and ae perfect as ever. My son also placed some slices 
in artiScial gastric juice, and those were acted on in nearly the 
same manner as by the secretion. "We have seen that hits of 
fresh cabbage and spinach leaves causa the tentacles to he in- 
flected and the glands to pour forth much acid secretion ; and 
there can he little doubt that it is the protoplasm forming the 
grains of chlorophyll, as well as that lining the wiiUs of the 
cells, which excites the leaves. 

J-'ui tiTid OU. — Cubes of almost pure uncooked fat, placed on ' 
several leaves, did not have their angles in the least rounded. 
We have also seen that the oil-globules in milk are not digested. 
Nor does olive oil dropped on the discs of leaves cause any 
inflection ; but when they are immersed in olive oil, they become 
strongly inflected; hut to this subject I shall have to recur. 
Oily substances are not digested by the gastric juice of animals, 

Siiirck. — Bather large bits of dry starch caused well-marked 
inflection, and the leaves did not re-expand until the fourth 
day ; but I have no doubt that this waa due to the prolonged 
irritation of the glands, as the starch continued to absorb the 
seoretion. The partidos were not in the least reduced in size: 



and we know that loaTes immoTseil in an einnlsJiin of starch 
are not at all affectmi. I noud iiardl; eaj that starch is not 
digested h; the goatrio juice of auimala. 



Action of the Secretion on Living Seeds. 

The results of some experimenta on living seeds, saloctjid by 
hazard, may hare be given, though thej bear only iudirLttiy on 
DOT proeent aubjiict of digeetioo. 

SiiveD cabbage seeds of the previous year were placed on the 
same munber of loaves. Some of these leaves wore moderately, 
but the greater number only slightly inflected, and most of 
them re-expanded on the third day. One, however, remained 
clasped till the fourth, and another till the flttli day. These 
leaves therefore were excited somewhat more by the seeds than 
by inorganic objects of the same size. After they re-expanded, 
the seeds were placed under taiVoorable conditions on damp 
G&nd; other seeds of the same lot being tried at the same time 
in the same manner, and founti to germinate wclL Of the sevea 
seeds which had been exposed to the secretion, only three ger- 
minated; and one of the three seedlings soon perished, the tip 
of its radicle being from the first decayed, and the edges of 
its cotyledons of a dark brown colour; so that altogether Ave 
oat of the seven seeds ultimately perished. 

Eadish seeds (^Saphanua saiivus) of the previous year were 
placed on three leaves, wliich became moderately inflected, and 
re-eipanded on the third or fourth day. Two of these seeds 
were transferred to damp sand; only one germinated, and that 
very slowly. This seedling had an extnanoly short, crooked, 
diseased, radicle, with no absorbent hairs; and the cotyledons 
were oddly mottled with purple, with the edges blackened and 
partly withered. 

OresB seeds (Lepidiim aativum) of the previous year wore 
placed on font leaves ; two of these nest morning were mode- 
rately and two strongly inflected, and remained so for four, 
five, and even six days. Soon after those seeds were placed on 
the leaves and had become damp, they secreted in the usual 
manner a layer of tenacious mucus; and to ascertain whether 
it was the at)Sorption of this substance by the glands which 
caused so much inflection, two sceda were put into water, and 
as much of the mucus as possible scraped off. They were then 
placed on leaves, which became very strongly inflected in the 
course ot 3 hrs., and were still closely inflected on the third 
day; so that it evidently was not the mucus which excited so 
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much inflection ; on tliB contrary, this served to a certain eitant | 
as a protection to the eceds. Two of the Bit seeds germinated 
whilst Btill Ijing on the loaves, but the seedlings, when trana- 
ferred to damp sand, soou died ; of the other four Eeeds, only ona 
germinated. 

Two Beeds of miialard (Sinapis nigra), two of celery (Apium 
graveotens) — both of the previous year, two seeds well soaked of 
caraway {Car^m carui), and two of wheat, did not eseite the 
leaves niora than inorgonio objects often do. Five seeds, hardly 
ripe, of a buttercup (EannncnlTiB), and two fresh seeds of Aie- 
mone nefnamm, induced only a little more effect. On the otter 
hand, four seeds, perhaps not quite ripe, of Carex syltratica caused 
the leaves on which they were placed to be very strongly in- 
flected; and these only began to re-eipand on the third day, 
one remaining inflected for seven days. 

It follows from these few facts that diflcrent kinds of seeds 
esoite the leaves in very different degrees; whether this is 
solely due to the natnro of their coats is not clear. In the cose 
of the cress seeds, the partial removal of the layer of mucus 
hastened the inflection of the tentacles. Whenever the leaves 
remain inflected during seyeral days over seeds, it is clear that 
they absorb some matter from them. That the secretion pene- 
trates their coats is also evident from the large proportion of 
cabbage, raddish, and cress seeds which were tilled, and from 
several of the seedlings being greatly injured. This injury to 
the seeds and seedlings may, however, be due solely to the acid 
of the secretion, and not to any process of digestion; for Mr. 
Traherne Moggridge has shown that very weak acids of the 
acetic series are highly injurions to seeds. It never occurred 
to me to otiserve whether seeds are often blown on to the viscid 
leaves of plants growing in a state of nature ; but this can 
hardly fall sometimes to occur, as we shall hereafter see in the 
case of Pinguicula. If so, Drosera will profit to a slight degree 
by absorbing matter from such seeds. 



Swrnmary and Concluding Eejnarks on the Bigestive 
Power of Drosera. 

When the glands on the disc are excited either 

by the absorption of nitrogenous matter or by 
mechanical irritation, their secretion increases in 
(jiuuitity and becomes acid. They likewise transmit 
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some influence to the glands of the exterior t«Q- 
taclea, causing tliom to secrete more copiously; and 
their secretion likewise becomes acid. With ani- 
mals, according to HchiOT,* mechanical irritution ex- 
cites the glands of the stomach to secrete an acid, . 
hut not pepsin. Now, I have every reason to be* ] 
lieve (though tho fact is not fully established), that ] 
although the glands of Drosera are continually secret- I 
ing viscid fluid to replace that lost by evaporation, 
yet they do not secrete the femieut proper for di- 
gestion when mechanically irritat«d, but only after i 
absorbing certain matter, probably of a nitrogenous ' 
nature. I infer that this is the case, as the secretion 
from a large number of leaves which had been 
irritated by particles of glass placed on their discs 
did not digest albumen; and more especially from 
the analogy of Dioniea and Nepenthes. In like 
manner, tlie glands of the stomach of animals secrete 
pepsin, as Sehiff asserts, only after they have ab- 
sorbed certain soluble substances, which he desig- 
nates as peptogenes. There is, therefore, a remarkable 
parallelism between tho glands of Drosera and those 
of the stomach in the secretion of their proper acid 
and ferment, 

Tho secretion, as we have seen, completely dissolves 
albumen, muscle, fibrin, areolar tissue, cartilage, the 
fibrous basis of bone, gelatin, chondrin, casein in the 
state in which it exists in milk, and gluten which has 
been Bubjocted to weak hydrochloric acid. Syntonin 
and logumin excite the leaves so powerfully and 
(liiickly that there can hardly be a doubt that both 
would be dissolved by the secretion. The secretion 
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iiiiled to digest fresh gluten, apparently from its! 
injuring the glands, though some was absorbed. Raw J 
meat, unless in very small bits, and large pieces of .1 
albumen, &c., likewise injure the leaves, whiuh s 
to suffer, like animals, from a surfeit. I know not. j 
whether the analogy is a real one, but it is worth 
notice that a decoction of cabbage leaves is far more ] 
exciting and probably nutritious to Drosera than an ' 
infusion made with tepid water ; and boiled cabbages 
are far more nutritious, at least to man, than the un- 
cooked leaves. The most striking of all the cases, 
though not really more remarkable than many others, 
is the digestion of so hard and tough a substance as 
cartilage. The dissolution of pure phosphate of lime, 
of bone, dentine, and especially enamel, seems won- 
derful ; but it depends merely on the long-continued 
secretion of an acid ; and this is secreted for a longer 
time under these circumstances than under any others. 
It was interesting to observe that as long as the acid 
was consumed in dissolving the phosphate of lime, no 
true digestion occurred ; but that aa soon as the bone 
was completely decalcified, the fibrous basis was at- 
tacked and liquefied with the greatest ease. The 
twelve subst-ances above enumerated, which are com- 
pletely dissolved by the secretion, are likewise dis- 
solved by the gastric juice of the higher animals ; 
and they are acted on in the same manner, as shown 
by the rounding of the angles of albumen, and more 
especially by the manner in whieh the transverse striiB 
of the fibres of muscle disappear. 

The secretion of Drosera and gastric juice were 
both able to dissolve some element or impurity out of 
the globulin and hmmatin employed by me. The 
secretion also dissolved something out of chemically 
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prepared caaein, which is said to consiat of two sub- 
stances ; and although Schiff asserts that casein in 
this state is not attacked by gastric juice, he might 
easily have overlooked a minute quantity of some 
albtiminuus matter, which Droaera would detect and 
absorb. Again, fibro-cartilage, though not properly 
dissolved, ia acted on in the same manner, both by 
the secretion of Drosera and gastric juice. But this 
anbatance, as well as the so-called hasmatin used by 
me, ought perhaps to have been classed with indi- 



That gastric juice acts by means of its ferment, 
pepsin, solely in the presence of an acid, is well 
established ; and we have excellent evidence that a 
ferment is present in the secretion of Droaera, which 
likewise acta only in the presence of an acid ; for we 
have seen that when the secretion is neutralised by 
minute drops of the solution of an alkali, the diges- 
tion of albumen ia completely stopped, and that on 
the addition of a minute dose of hydrochloric acid it 
immediately recommences. 

The nine following substances, or classes of sub- 
stances, namely, epidermic productions, fibro-elastic 
tisane, mucin, pepsin, urea, chitine, cellulose, gun 
cotton, chlorophyll, starch, fat and oil, are not acted 
on by the secretion of Drosera ; nor are they, as far as 
is known, by the gastric juice of animals. Some 
soluble matter, however, was extracted from the mucin, 
pepsin, and chlorophyll, used by me, both by the 
secretion and by artificial gastric juice. 

The several substances, which are completely dis- 
solved by the secretitm, and which are afterwards 
absorbed by the glands, affect the leaves rather dif- 
ferently. They induce inflection at very different 



132 DROSEEA EOTUSDIFOLIA. OhAP. 

rates and in very different degrees ; and the U 
tacles remain inflected for very different periods (rfl 
time. Quick inflection depends partly on the quan-' 
tity of the substance given, so that many glands are- 1 
Bimultaaeously affected, partly on the facility with | 
which it is penetrated and liquefied by the secretion, 1 
partly on its nature, but chiefly on the presence of | 
exciting matter already in solution. Thus saliva, ot 
a weak solution of raw meat, acts much more quickly 
than even a strong solution of gelatine. So again 
leaves which have re-expanded, after absorbing drops 
of a solution of pure gelatine or isinglass (the latter 
being the more powerful of the two), if given bits 
of meat, are inflected much more energetically and 
quickly than they were before, notwithstanding that 
some rest is generally requisite between two acts 
of inflection. We probably see the influence of tex- 
ture in gelatine and globulin when softened by 
having been soaked in water acting more quickly 
than when merely wetted. It may be partly due to 
changed texture, and partly to changed chemical 
nature, that albumen, which has been kept for some 
time, and gluten which has been subjected to weak 
hydrochloric acid, act more quickly than these sub- 
stances in their fresh state. 

The length of time during which the tentacles re- 
main inflected largely depends on the quantity of the 
substance given, partly on the facility with which it is 
penetrated or acted on by the secretion, and partly 
on its essential nature. The tentacles always remain 
inflected much longer over large bits or large drops 
than over small bits or drops. Texture probably 
plays a part in determining the extraordinary length 
of time during which the tentacles remain inflected 
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over the hard grains of chemically prepared casein. 
But the tentacles remain inflected for an equally long 
time over finely powdered, precipitated phosphate of 
lime; phosphorus in this latter case evidently being 
the attraction, and animal matter in the case of casein. 
The leaves remain long inflected over insects, but it is 
doubtful how far this is due to the protection afforded 
by their chitinous integuments ; for animal matter is 
soon extracted from insects (probably by exosmose from 
their bodies into the dense surrounding secretion), 
as shown by the prompt inflection of the leaves. We 
see the influence of the nature of different substances 
in bits of meat, albumen, and fresh gluten acting very 
differently from equal-sized bits of gelatine, areolar 
tissue, and the fibrous basis of bone. The former 
cause not only far more prompt and energetic, but 
more prolonged, inflection than do the latter. Hence 
we are, I think, justified in believing that gelatine, 
areolar tissue, and the fibrous basis of bone, would be 
far less nutritious to Drosera than such substances 
as insects, meat, albumen, &c. This is an interest- 
ing conclusion, as it is known that gelatine affords 
but little nutriment to animals ; and so, probably, 
would areolar tissue and the fibrous basis of bone. 
The chondrin which I used acted more powerfully 
than gelatine, but then I do not know that it was 
pure. It is a more remarkable fact that fibrin, which 
belongs to the great class of Proteids,* including 
albumen in one of its sub-groups, does not excite 
the tentacles in a greater degree, or keep them in- 
flected for a longer time, than does gelatine, or 



♦ See the classification adopted by Dr. Michael Foster in Watts' 
Diet, of Chemistry/ Supplement 1872, p. 969. 
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areolar tissue, or tie fibrous basis of bone. It 
known how long an animal would surrive if fed oo- 
fibrin alone, but Dr. Sanderson has no doubt longer 
than on gelatine, and it would be hardly rash to pre- 
dict, judging from the effects on Drosera, that albu- 
men would be found more nutritions than fibrin. 
Globulin likewise belongs to the Proteids, forming 
another sub-group, and this substance, though con- 
taining some matter which excited Drosera rather 
strongly, was hardly attacked by the secretion, and 
was very little or very slowly attacked by gastric 
juice. How far globulin would be nutritious to ani- 
mals is not known. We thus see how differently the 
above specified several digestible substances act on 
Drosera ; and we may infer, as highly probable, that 
they would in like manner be nutritious in very dif- 
ferent degrees both to Drosera and to animals. 

The glands of Drosera absorb matter from living 
seeds, which are injured or killed by the secretion. 
They likewise absorb matter from pollen, and from 
fresh leaves ; and this is notoriously the case with 
the stomachs of vegetable-feeding animals. Drosera 
is properly an insectivorous plant; but as pollen 
cannot fail to be often blown on (o the glands, as 
will occasionally the seeds and leaves of surrounding 
plants, Drosera is, to a certain extent, a vegetable- 
feeder. 

Finally, the experiments recorded in this chapter 
show us that there is a remarkable accordance in the 
power of digestion between the gastric juice of ani- 
mals with its pepsin and hydrochloric acid and the 
secretion of Drosera with its ferment and acid belong- 
ing to the acetic series. We can, therefore, hardly 
doubt that the ferment in both cases is closely similar, 
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if not identically the same. That a plant and an 
animal should pour forth the same, or nearly the same, 
complex secretion, adapted for the same purpose of 
digestion, is a new and wonderful fact in physiology. 
But I shall have to recur to this subject in the 
fifteenth chapter, in my concluding remarks on the 
DroseracesB. 
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CHAPTER Vn. 

The Effects of Salts op Ammosi*. 

Manner of perfonning the experimentB — Action of diatilJed water in ~ 
comparisan with the Bolutione — Cttrbonate of amnumia, absor1>ed 
by the rools — The vapour absor'bed by tlie glands — Drops on tlie 
diso — Mionte drops applied to Bepitiata gluods — Leaves im- 
mersed in veak solutions — Minuteness of the doen which induce 
aggregation of the protopliuun — Nitrate of ammonia, a[ta!ogr>iis 
experiments with — - Phosphate of ammonia, analogons experiments 
with^Other salts of ammonia — Summary and oonoludiug re- 
markB an the action of the salts of ammonia. 



The chief object in this chapter is to show how power- 1 
fully the salts of ammoiiia act on the leaves of Drosera, 
and more especially to show what an extraordinarily 
small quantity suffices to excite inflection. I shall, 
therefore, be compelled to enter into full details. 
Doubly distilled water waa always used ; and for the 
more delicate experiments, water which had been 
prepared with the utmost possible care waa given 
me by Professor Frankland. The graduated measures 
were tested, and found as accurate as such measures 
can be. The salts were carefully weighed, and in all 
the more delicate experiments, by Borda's double 
method. But extreme accuracy would have been 
superfluous, as the leaves difl'er greatly in irritability, 
according to age, condition, and constitution. Even 
the tentacles on the same leaf differ in irritability 
to a marked degree. My experiments were tried in 
the following several ways. 

Krfl%.— Drops which were ascertained by repeated trials to 
be on an averiiKe about half b minim, or tlie -5^5 of a fluid ounoo 
(02116 niL), were placed by the same poiiit«d iiisti-ument on the 
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diecs of tbe leaves, and the influction of the exterior rows of 
tentacles obeeired at GucceBHTe intervals of time. It waa lirst 
flgeei'tained, from between thirty and forty IrJala, that distilled 
WFiter dropped in Uiis manner prodncea no effect, except that 
Gomelimee, though rarely, two or three t«DtacIes beegiue in- 
flected. In fuct all the many trials with eolutioos which were 
so weak e.B to produce no effect lead to tho came result tlmt 
water is inefficient. 

Hecoudly.—The hcod of a small pin, Bxed into a handle, was 
dipped into the sotutiou under trial. Tbe email drop which 
adhered to it, and which was much too small to fall off, was 
caattously placed, by the aid of a lens, in contact witli the necre- 
tion Bnrrounding the glands of one, two, three, or four of the 
exterior tentacles of the aame leaf. Great care was taken that 
the glands themselves shotild not be touched. I had supposed 
that the drops were of nearly the same size ; but on trial this 
proved a ^rest mistake. I first measured some water, and re- 
moved 300 drops, touching the pin's head each time on blotting- 
paper ; and on again measuring the water, a drop was found to 
eiiiml on an average about the -^ of a minim. Some wafer in a 
small vessel was weighed (and this is a more accamte method), 
and 300 drops removed as before ; and on again weighing the 
water, a drop was found to equal on an average only the ^ 
of a minim. I rcpeat-od the operation, but endeavoured this 
time, by taking the pin's head out of the water obliquely and 
rather quickly, ta remove as large drops as possible ; and 
the result showed that I hod succeeded, for each drop on an 
average equalled 7^ of a minim. I repeated the operation in 
esoctly the same manner, nud now tho drops averaged j-J.j of a 
minim. Bearing in mind that on these two Intter occasions 
special pains were taken to remove as large drops as possible, 
we may safely conclude that the drops used in my experiments 
were at least equal to the ^ of a mini m, or '0029 ml. One of 
these drops could be applied to tliree or even four glands, and 
if the tentacles became inflected, some of the solution must 
have been absorbed by all; for drops of pure water, applied 
in the same ninnner, never produced any effect. I was able to 
hold the drop in steady contact with the secretion only for tea 
to fifteen seconds ; and this was not time enough for the diffu- 

u of all the salt iu solution, as wits eviileut, from three or 
four tentacles treated snccessively with the same drop, often 
becoming inflected. Ail the matter in solution was even then 
probably not exhausted. 

r/n'jifly. ^Leaves were cut off and imtnerEed in a measured 
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quantity of the Bnlnb'on undec trial ; the same niunbor of leavea 
being iinmeraed at tho samti time, in the same qnautity of the 
diBtiUed water whiuK had been need ia muiiiig tho Eolation. 
The leaves in the two lots wore compared at eliort interval 
of time, up to 24 hrs., and Boroetimea to 4b hrs. They wi 
immersed by being laid as gently aa posi^ible in numbei 
watch-glasses, and thirty minima {1'775 ml.) of the solutii 
or of water was poured over each. 

Some solutionH, for instance that of carbouata of ammonia, 
quickly diM»lour the glands; and aa all on the aai 
diecoloured simultaneously, they must all have absorbud some 
of the Bait within the same short period of time. This waa 
ILkewiBe shown by tho simultoneons inflection of the several 
exterior rowB of tentacles. If we had no such evidence oa 
this, it might have been supposed that only the glands of the 
exterior and inflected t^ntaulea had absorbed the salt ; or that 
imly those on the diiic hod absorbed it, and hod then tranemitted 
B motor impulse to tho exterior tentacles ; but in this latter case 
the esterior tentacles would not have become inflected until 
some time had elapsed, instead of within half an hour, or even 
within a few minutes, as usually occorred. AU the glands on 
the some leaf are of neai'ly the same size, as may best bo seen 
by cutting off a narrow transverse strip, and laying it on its 
side ; hence theii absorbing surfaces ore nearly equal. The 
long-headed glands on the extreme margin must he excepted, 
OB they are much longer than the others ; hut only the upper 
surface is capable of absorption. Besides the glande, both 
surfaces of the loaves and the pedicels of tho tentacles bear 
numerous minute papille, which absorb carbonate of ammonia, 
on iofosion of raw meat, motallio saltB, and probably many 
other substances, but the absorptioa of matter by these papillie 
never induces inflectioa. We must remember that the move- 
ment of each sopnvatti tentacle depends on its glond being 
excited, except when a motor impulse is transmitted from the 
glands of the disc, and then the movement, as Just stated, 
does not take placo until some little time has elapsed. I have 
made these remarks because they show us that when a leaf is 
immersed in a solution, and the tentacles are inflected, we can 
judge vrith some accuracy how much of the salt each gland has 
absorbed. For instance, if a leaf bearing212 ghmda be immersed 
in a, measured quantity of a solution, containing ^^ of a grain of 
a salt, and all the esterior tentacles, except twelve, are inflected, 
we may feel sure that each of the 200 glands can on an average 
have 8l'aorl>ert at most jj^ of a grain of the salt. I say et 
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most, for the papillsB will have absorbed some small amount, 
and so will perhaps the glands of the twelve excluded tentacles 
which did not become inflected. The application of tliis prin- 
ciple leads to remarkable conclusions with respect to the 
minuteness of the doses causing inflection. 

On the Action of Distilled Water in causing! hiflection. 

Although in all the more important experiments the dif- 
ference between the leaves simultaneously immersed in water 
and in the several solutions will be described, nevertheless it 
may be well here to give a summary of the effects of water. 
The fact, moreover, of pure water acting on the glands deserves 
in itself some notice. Leaves to the number of 141 were im- 
mersed in water at the same time with those in the solutions, 
and their state recorded at short intervals of time. Thirty-two 
other leaves were separately observed in water, making alto- 
gether 173 experiments. Many scores of leaves were also im- 
mersed in water at other times, but no exact record of the 
effects produced was kept ; yet these cursory observations sup- 
port the conclusions arrived at in this chapter. A few of the 
long-headed tentacles, namely from one to about six, were 
commonly inflected within half an hour after immersion; as 
were occasionally a few, and rarely a considerable number of 
the exterior round-headed tentacles. After an immersion of 
from 5 to 8 hrs. the short tentacles surrounding the outer 
parts of the disc generally become inflected, so that their glands 
form a small dark ring on the disc; the exterior tentacles 
not partaking of this movement. Hence, excepting in a few 
cases hereafter to be specified, we can judge whether a solution 
produces any effect only by observing the exterior tentacles 
within the first 3 or 4 hrs. after immersion. 

Now for a summary of the state of the 173 leaves after an 
immersion of 3 or 4 hrs. in pure water. One leaf had almo^ 
all its tentacles inflected ; three leaves had most of them sub- 
inflected; and thirteen had on an average 36*5 tentacles in- 
flected. Thus seventeen leaves out of the 173 were acted on in 
a marked manner. Eighteen leaves had from seven to nineteen 
tentacles ioflected, the average being 9*3 tentacles for each 
leaf. Forty-four leaves had from one to six tentacles inflected, 
generally the long-headed ones. So that altogether of the 173 
leaves carefully observed, seventy-nine were affected by the 
water in some degree though commonly to a very slight degree ; 
And ninety-four were not affected in the least degree. Thi« 
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ainount of inflection is nttorly insignificnut, tis we shall here«,1 
after sue, compurcd with that cnuetid by very weak Eolutions I 
of HeTisral suite of aniuianio. 

Plants which have Uved for some time in a ratlicr 
temperature are far more eeiudtive to th« action of water than ] 
those grown out of doora, or recently brought into a warm 
greenhouse. Thus in the above Beventecn casea, in which the 
immersed leaves had a considerable number of tentacles in- 
flected, the plwntB had been kept during the winter in a very 
warm greenhouse ; and tliey bore in the early spring remarkably J 
fine leaves, of a light red colour. Had I then known that the 1 
sensitiveness of planle was thua increased, perhaps X should I 
not have used the leaves for Djy experiments witli the very ' 
weak solutions of phosphate of ammonia; but my experiments 
are not thus vitiated, as 1 invariably used leaves from the same 
plants for HimuUanoous immersion in water. It often happened 
that some ieavuH on the same plant, and some tentacli* o 
same lenr, were more sensitive than others ; but why tliis should i 
bu so, I do not kuow, 

IB just indicated between tlie leaves im- 
mersed in vater and in weak 
Eoluiione of ammonia, the ten- 
tacles of the latter are in most 
eases mucli more closely in- 
Sected. The appearance of a 
leaf after immersion in a few 
drops of a solution of one grain 
of phosphate of ammonia to 
200 oz. of water (i.e. one part 
to 87,500) is here reproduced : 
such energetic inflection is 
never caused by water alone. 
With leaves in the weak soin- 
tions, the blade or lamina Dft«n 
becomes infli'oted ; and this is 
so rare a circumstance with 
leaves in water that I have 
seen only two instances; aud 
in iuth of these the inflec- 
tion was very feeble. Again 
with leaves in the weak solu 
tions, the inflection of the ten- 
tacles and blade often goes on 
•tuadity, tboni^ slowly, increasing during many hours; and 
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this again is ro rare a cireum stance with leareB in water that 
I have Been only three instances of aJi; such iuciuase after tite 
first 8 to 12 hrs. ; and in tbcse three instoiicue the two outer 
rowa of t«ntai!loB were not at all affected. Hence tliere is some- 
timea a ninuh greater difftsrunce between the luavee in water und 
in the weak Bolutions, afl«r from 8 hrs, to 24 hrs., than there 
was within the first 3 hrs. ; thongh as a geuural rule it is K'st 
to trust to the difference oliserved within the Bhorter time. 

With respect to the period of the re-eiponaion of the learee, 
when left imnioTscd either in water or in the weak solutions, 
nothing could be more Tariable, In both cases the esterior 
tentacles not rarel? begin to ro-espand, after an interval of 
only from 6 to ti hrs, ; that is just alxtut the time when the 
short tontacles round the borders of the dise become inflected. 
Oa the other hand, the tentacles sometimes remain inflected 
for a whole day, or even two days ; but as a general rule they 
remain inflected for a longer period in very weak Eolutions than 
in water. In solutiona which are not extremely weak, they 
never re-espand within nearly so short a period as six or 
eight hours. From those statements it might be thought 
difficult lo distingaish between the effects of water and the 
weaker solutions ; hut in truth there is not the slightest dilfi- 
cnlty nutil excessively weak solutions are tried; and then the 
distinction, as might be expected, becomes very doubtful, and 
at last disappears. But as in all, except the simplest, cases 
the state of the leaves simultaDeously immersed tor an equal 
lei^th of time in water and in the solutions will bo desurilved, 
the leader can judge for himself. 
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Caebonate op Ammonia. 
This Bait, when absorbed by the roota, does not cause 
the tentacles to be inflected. A plant was so placed 
m a solution of one part of the cai'bonate to 146 of 
water that the young uninjured roots could be ob- 
served. The tonnmal cells, which were of a pink 
colour, instantly became colourless, and their limpid 
contents cloudy, like a mezzo-tinto engraving, so that 
some degree of aggregation was almost instantly 
caused; but no further change ensued, and the ah- 
iorhent hairs were not visibly affected. The tentaclef 
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did not bend. Two other plants were placed i 
tlieir roots surrounded by damp moss, id half an ounce 
(14-198 ml.) of a solution of one part of the carbo- 
nate to 218 of water, and woro observed for 24 lira.; 
but not a single tentacle was inflected. In order to j 
produce this effect, tbe carbonate must be absorbed 1 
by tlie glands. 

The vapour produces a powerful effect on the glands, I 
and induces inflection. Three plants with their roota I 
in bottles, so that the surrounding air could not have | 
become very humid, were placed under a bell-g 
(holding 122 fluid ounces), together with 4 grains ] 
of carbonate of ammonia in a watch-glass. After an 
interval of 6 hrs. 15 m. the leaves appeared imafiected ; 
but next morning, after 20 hrs., the blackened glands 
were secreting copiously, and most of the tentacles 
were strongly inflected. These plants soon died. 
Two other plants were placed under the same bell- 
glass, together with half a grain of the carbonate, the 
air being rendered as damp as possible ; and in 2 bra. 
most of the leaves were affected, many of the glands 
being blackened and the tentacles inflected. But it is 
a curious fact that some of the closely adjoining ten- 
tacles on the same leaf, both on the disc and round 
the margins, were much, and some, apparently, not in 
the least affected. The plants were kept under the 
bell-glass for 24 hrs., but no further change ensued. 
One healthy leaf was hardly at all affected, though 
other leaves on the same plant were much affected. 
On some leaves all the tentacles on one side, but not 
those on tbe opposite side, were inflected, I doubt 
whether this extremely unequal action can be ex- 
plained by supposing that the more active glands 
absorb all the vapour as quickly as it is generated, so 
that none is left for the others for we shall meet with 
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analogous cases with air thoroughly permeated with 
the vapours of chloroform and ether. 

Minute particles of the carbonate were added to the 
secretion surrounding several glands. These instantly 
became black and secreted copiously ; but, except in 
two instances, when extremely minute particles were 
given, there was no inflection. This result is analo- 
gous to that which follows from the immersion of 
leaves in a strong solution of one part of the carbonate 
to 109, or 146, or even 218 of water, for the leaves 
are then paralysed and no inflection ensues, though 
the glands are blackened, and the protoplasm in the 
cells of the tentacles undergoes strong aggregation. 



We will now turn to the effects of solutions of the carbonate. 
Half-minims of a solution of one part to 437 of water were placed 
on the discs of twelve leaves ; so that each received q^q of a grain 
or "0675 mg. Ten of these had their exterior tentacles well 
inflected ; the blades of some being also much curved inwards. 
In two cases several of the exterior tentacles were inflected in 
35 m.; but the movement was generally slower. These ten 
leaves re-expanded in periods varying between 21 hrs. and 
45 hrs., but in one case not until 67 hrs. had elapsed ; so that 
they re-expanded much more quickly than leaves which have 
caught insects. 

The same-sized drops of a solution of one part to 875 of water 
were placed on the discs of eleven leaves; six remained quite 
unaffected, whilst five had from three to six or eight of their 
exterior tentacles inflected; but this degree of movement can 
hardly be considered as trustworthy. Each of these leaves 
received j^ of a grain ('0337 mg.), distributed between the 
glands of the disc, but this was too small an amount to produce 
any decided effect on the exterior tentacles, the glands of which 
had not themselves received any of the salt. 

Minute drops on the head of a small pin, of a solution of one 
part of the carbonate to 218 of water, were next tried in the 
manner above described. A drop of this kind equals on an 
average ^ of a minim, and therefore contains -^^ of a grain 
('0135 mg.) of the carbon&te. I touched with it the viscid 
lecretion round throe glands, so that each gland received only 
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itW "'' * Rrain (00445 mg.). Ndvartlielew, ia two trials 
theglaiid« wisrn pliiiiily hliickcneii : in one caBOall tlirue ttntacleB 
were well inflected ufler An iiittirval of 2 hrs. 4U n 
other casje two of Ihe tliree tenliiules were inflectwd. I then 
tritxl drapa of a weiker solotion of one pwt to 292 of water on 
twtiity-fonr glands, alwaje touching the viscid Becretion rocmd 
three Klande with the Eaiue little drop. Eoeh gland thi]s received 
only the rahrn of a grain (00337 mg.), yet some of them were 
a little darkeued; but in no one instance were any of the ten- 
tacles inflected, thongli they were watched for 12 hrs. When a 
BtiU weaker sohition (yix. one part \o dST of wattir) was tried on 
611 gliinds, no effect whatever was perceptible. We thus leara 
that the tvt y a "f * Ki^in (-QOWS mg.) of corlmnalo of ammonia, 
if fthsorliud by a glnnd, suffieea to induce infltction in the basal 
part of the same tentacle; but as already stated, I was able to 
hold with a etrii'y bund the minute diops in contact with the 
BDoretion only lor a low seconds; and if moi-e time had been 
aliowtd for diffui^ion and absorption, u much weaker solution 
would certainly have acted. 

Slime experiments were made by iramerKing cut-off leaves in 
Bolutions of different strengths. Thus four leaves were left for 
about B hrs, each in a draclim (3'549 ml.) of a eolntion of one 
part of the carbonate to 5250 of water ; two of these hod almost 
every tentacle inflected, the thini bad about half the tentacles 
and the fourth about one-third infli'cted ; and all the glands were 
blackened. Another leaf was p[»'ed in the same qiinntity of a 
eolutioii of one part lo 7000 of water, and in 1 hr. 16 ni. every 
single tentacle waa well inflected, and all the glands blackened. 
Six leaves were immersed, each in thirty minims (l'T74 ml.) of 
a solution of one part to 4375 of water, and the glands were nil 
blackened in SX m. All six leaves exhibited some slight infleo 
tion, and one was strongly inflected. Four leaves were then 
immersed in thirty minims of a solution of one part 1j) 8750 of 
water, so that each leaf received the -gi^ of a grain ('2025 mg.). 
Only one became Htrongly inflected; but all the glands on all 
the leaves were of so dark a red after one hour as almost to 
deserve to lie calleil black, whereas this did not occur with the 
leaves which were at the same time immersed in water ; nor did 
water produce this effect on any other occasion in nearly so 
short a time as an hour. These crises of the simnltaneous 
darkening or blackening of the glands from the action of weak 
solutions are important, as they show that all the glands absorbed 
tho carltonate within the same time, which fact indeed there 
was not the least reason to doubt. So again, whenever all the 
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tentacles become iofleeted within the sama time, we have 
evidence, as before remarked, of simaltanoous abaorptioD. I 
did not count the number of glands on these four leaves; bnt 
as they were fine onea, aud as we know that the average uuniher 
of glanda on thiity-one leaves was 1^, we may eofelj assume 
that each bore on an average at letist 170; and if so, each 
blackened gland could have abEorbed only yyjjf^ of a groin 
('00119 mg.) of the carbonate. 

A large number of trials had been previouaiy made with 
solutions of one part of the nitrat« and phosphate of ammonia to 
43750 of water (i.e. one grain to 100 ounces), and tlieae were 
found highly efficient. Fourteen leaves were therefore placed, 
each in thir^ minims of a solution of one part of the carbonate 
to the above quantity of water; so that each leaf received ^aW 
of a grain {■0405 mg.). The glands were not much darkened. 
Ten of the leaves were not affected, or only very shghtly so. 
Four, however, were strongly affected; the firat having all the 
tentacles, except forty, inflected in 47 m. ; in 6 hrs. 30 ni. all 
except eight ; and after i hrs. the blade itself. The second leaf 
after it m. hod all its tentacles except nine inHected ; after 6 hrs. 
30 m. these nine were sub-inflected; the blade having berome 
niueh inflected in 4 hrs. The third leaf after 1 hr. 6 m. bad all 
but forty tentacles inflected. The fourt^h, after 2 hrs. 5 m., had 
about half its tentacles and after 4 hrs. all but fort^r-five in- 
flected. Leaves which were immersed in water at the same time 
were not at all affected, with the exception of one; and this not 
until 8 hrs. had elapsed. Hence there can be no doubt that a 
highly sensitive leaf, if immersed in a solution, so that all the 
glands are enabled to absorb, is acted on by Yafio °^ " grain of 
the carbonate. Assumtng that the leaf, which was a large one, 
and which had all its tentacles excepting eight inflected, bore 
170 glands, each gland could have absorbed only g^g'^g p of a 
grain ('(X)024 mg.) ; yet this sufficed to act on each of the 162 
tentacles which were inflected. But as only four out of the alwvo 
fourteen leaves were plainly affected, this is nearly the mini' 
mum dose which is efficient. 

Aggregation of the PTotnplaem from the Action of Carbonatt of 
Ammtmia. — I have fully described in the tLird chapter the 
remarkable effects of moderately strong doses of this salt in 
causing the aggregation of the protoplasm within the cells of 
the glands and t^mtacloa ; and here my object is merely to show 
what small doses sulHee. A loaf was immersed in twenty 
minimB (1-183 ml) of a solution of one part to 1750 of water^ 
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onri niiotliCT leaf in the same quantity of a Koinfion of one part . 
to 30G2 ; in the former case a^rregBtion occurred in 4 m., in the 
latter in 11 m. A leaf was then immersed in twenty minims ot 
a eolution of one part fo 4375 of water, bo that it received -^i of 
a grain ('37 mg.); in 6 m. there was a slight chango of colour 
in the glands, and in 15 m. small spheres of protoplasm were 
formed in tiie ceils beneath the glands of all the tentacles. In- 
these cases there could not be a shadow of a doubt about the | 
action of the solution. 

A solution was then made of one part to 520O of water, and I 
esperimented on fourteen leaves, but will give only a few of tlie | 
cases. Eight young leaves ivere selected and examined with 
care, and they showed no trace of aggregation. Pour of those i 
were placed in a drachm (3 ■ 541) ml.) of distilled water ; and four "I 
in a similar vessel, with a drachm of the solntion. After a time \ 
the leaves were examined under a high power, being taken alter- 
nately from the solution and the water. The first leaf was taken 
out of the solution after as immersion of 2 hrs. 40 m., and the 
last leaf out of the water after 3 hrs. 50 m.; the examination ■• 
lasting for 1 hr. 40 m. In the four leaves out of the water there 
was no trace of aggregation except in one specimen, in which a 
very few, extremely minute spheres of protoplasm were present 
lieueath some of the round glands. All the glands were trans- 
Intent and red. The four leaves which had been immersed in 
the solution, besides being infleoted, presented a widely different 
appearance; for the contenffi of the cells of every sinple toutacle 
on all four leavoa were conspicuously a^regated ; the spheres 
and elongated masses of protoplasm in many cases extending 
halfway down the tentacles. All the glands, both those of the 
central and exterior teataoles, were opaque and blackened; and 
this shows that all had absorbed some of the carbonate. These 
four leaves were of very nearly the same sino, and the glauda 
were counted on one and found to be 1C7. This being the case, 
and the four leaves having been immersed in a drachm of the 
solution, each gland could have received on an average only 
ti]if. of a grain ("001009 mg.) of the salt; and this quantity 
Bufflced to induce within a short time couspieuous a^regation 
in the cells beneath all the glands. 

A vigorous but rather small red leaf was placed in six 
minims of the same solution (viz. one part to 5250 of water), so 
tlint it received g^ of a grain ^ '0075 mg.). In 40 m. the glands 
appeared rather darker; and in 1 hr. from four to six spheres 
of protoplasm were formed in the cells beneath the glands of 
all the tentacles. I did not count the tentacles, but we may 
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safely assnme that there were at least 140; and if so, each 
gland could have received only the a^^d ^ of a grain, or 
•00048 mg. 

A weaker solution was then made of one part to 7000 of water^ 
and four leaves were immersed in it ; but I will give only one 
case. A leaf was placed in ten minims of this solution ; after 
1 hr. 37 m. the glands became somewhat darker, and the cells 
beneath all of them now contained many spheres of aggregated 
protoplasm. This leaf received Yen ^^ ^ &^^f ^^^ ^re 166 
glands. Each gland could, therefore, have received only ^^y^rtft 
of a grain ( "000507 mg.) of the carbonate. 

Two other experiments are worth giving. A leaf was im- 
mersed for 4 hrs. 15 m. in distilled water, and there was no 
aggregation ; it was then placed for 1 hr. 15 m. in a little solu- 
tion of *one part to 5250 of water ; and this excited well-marked 
aggregation and inflection. Another leaf, after having been 
immersed for 21 hrs. 15 m. in distilled water, had its glands 
blackened, but there was no aggregation in the cells beneath 
them ; it was then left in six minims of the same solution, and 
in 1 hr. there was much aggregation in many of the tentacles ; 
in 2 hrs. all the tentacles (146 in number) were affected — the 
aggregation extending down for a length equal to half or the 
whole of the glands. It is extremely improbable that these two 
leaves would have undergone aggregation if they had been left 
for a little longer in the water, namely for 1 hr. and 1 hr. 15 m., 
during which time they were immersed in the solution ; for the 
process of aggregation seems invariably to supervene slowly and 
very gradually in water. 

Summary of the Results tvith Carbonate of Ammonia, — 
The roots absorb the solution, as shown by their changed 
colour, and by the aggregation of the contents of their 
cells. The vapour is absorbed by the glands; these 
are blackened^ and the tentacles are inflected. The 
glands of the disc, when excited by a half-minim drop 
(•0296 ml.), (containing -^^ of a grain ('0675 mg.), 
transmit a motor impulse to the exterior tentacles, 
causing them to bend inwards. A minute drop, con- 
taining Trl-ry-o of a grain (-00445 mg.), if held for a 
few seconds in contact with a gland, soon causes the 
tentacle bearing it to be inflected. If a leaf is left 
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immersed for a few hoiirs in a solution, and a gland 
absorbs the i j,Vo - o of a grain {-UOOIS mg.), its colour 
becomes darker, though not actually black ; and the 
contenta of the cells beneath the gland are plainly 
aggregated. Lastly, under the same circumstances, 
the absorption by a gland of the ■ , ,; ,', „ „ of a grain 
(■00024 mg-) BufQcea to excite the tentacle bearing this 
gland into movement. 



Nitrate of Ammonia, 

With the salt I attended only to the JDflection of the leaves, 
for it is fill less efficient than the carbonate in cauEing aggrega- 
tion, although considerably more potent in cansirig inflection. I 
experimented with half-minims (-1)296 ml.) on the discs of fifty- 
two leaves, but will give only a few cases. A solution of one 
part to J09 of water was too strong, causing little inflection, and 
after 24 hrs. killing, or nearly killing, four out of aii leaves 
which were thus tried ; each of which received the j^^ of a grain 
(or '27 mg.)- A solution of one part to 218 of water acted most 
energetically, causing not only the tentacles of all the leaves, 
but the blades of some, to he strongly inflected. Fourteen 
ieavea were tried with drops of a solution of one part to 875 
of water, bo that the disc of each received the tsST! "f * grain 
{0337 mg.). Of these leaves, seven were very strongly acted on, 
the edges being generally inflected ; two were moderaiely acted 
on ; and five not at all. I sahBequently tried three of these latter 
five leaves with urine, saliva, and mucus, but they were only 
slightly affected ; and this proves that tbey were not in an active 
condition. I mention this fact to show Itow necessary it is to 
experiment on several leaves. Two of the leaves, which were 
well inflected, re-ospanded after 51 hrs. 

In the following esperiment 1 happened to select very sensi- 
tive leaves. Half-miniais of a solution of one part to 1094 of 
water (i e. 1 gr. to 21 oz.) were placed on the discs of nine leaves, 
so that each received the j^ of a grain (027 mg.). Three of 
them had their (entaeles strongly inflected and their blades cnrled 
inwards ; five were slightly and somewhat doubtfully affected, 
having from three to eight of their esterior tentacles inflected : 
one leaf was not at all affected, yet was afterwards acted on l)j 
saliva. In sis of these cases, a trace of actiou was perceptible in 
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7 hrs., hut Ihe full effcct was not produced until from 24 hrn. tc 
30 lirs. liad elapsed. Two of the leaves, which were onlj slightly 
inllect«d, re-expnnded afttir an additional iDterrai of 10 hra 

Half-miniius of a rather weaker solutiun, viz. of one part to 
1312of water (1 gr. to 3 oz.) were tried on fourteen leaves; Eothat 
each received j g ^ , ^ of a grain ('0225 mg.), instead of, as in thu last 
experiment, j^ of a grain. The blade of one was plainly in- 
flected, Hfl wereeix of the exterior tentacles; the blodeof atiecond 
■was aiightly, and two ot Iho exterior tentacles well, inflected, all 
the other tentacles being curlod in at right angles to the disc; 
three other leaves had from five to eight tentaoles infiected ; five 
others only two or three, and occosioually, though very rarely, 
drops of pure water cause this much action ; the font remaining 
leaves were in no way affected, yet three of them, when siibse* 
quantly tried with urine, became greatly inflected. In most of 
thi'«e lases a slight effoct was perceptible in from 6 bre. to 
7 hrs., but the full effect was not produced until from 34 hrs. 
to 30 hrs, had elapsed. It ia obvious that we have here reached 
very uearly the minimum ainouot, which, distributed between 
the glands of the disc, acts on the exterior tentacles ; these 
bnving themselves not received any of the solution. 

In the next place, the viscid secretion round three of the 
exterior glands was touched with the same little drop {-^ of a 
minim) of a solution of one part to 437 of water ; and after an 
interval of 2 hra. 60 m. all three tentacles were well inflectwi. 
Each of these glands could have received only the ^^iirji <>^'^ 
gTain,or'00223mg. A little drop of the same size and strength 
was also applied to four other glands, and in 1 hr. two became 
inflected, whilst the other two never moved. We here see, as iu 
the case of the half-minims placed on the discs, that the nitrate 
of ammonia is more potent in causing inSeclion than the cor- 
bonato ; for minute drops of the latter salt of this strength pro- 
duced no effect. I tried minute drops of a still weaber solution 
of the nitrate, viz. one part to 875 of water, ou twenty-one 
glands, but no effect whatever was produced, except peiliaps in 
mie instance. 

Siilj-thres leaves were immersed in solutions of various 
strengths ; other leaves being injmersed at the same time in the 
same pure water used in making the solutions. The results are 
so remarkable, though less so than with phosphate of ammonia, 
that I must deacritte the experiments in detail, but I will give 
only a few. In speaking of the successive periods when 
inflection occurred, 1 always reckon from the time of first 
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HaTing made some preliminnry triuls as a ^ido, five leavea 
were placed in tlie Bame little vessel in thirty minima of a sol u- 
tioQ of one part of tlie nitrate to 7875 of wat«r (1 gr, to 18 on.);. 
and this amonnt of fluid just sufBced to corer tJiem. After 
2 hrs. 10 m. three of tlio loaves were eonsiderahly inflected, and 
the other two moderately. The glands of all became of bo dart ' 
a red as almoet to deserve to he tailed black. After 8 hra. foTir 
of the leavea had all their tfintacles more or loss inflected ; whilst 
the fifth, which I then perceived lo be an old ipaf, had only thirty 
tentacles inflected. Nest morning, after 23 hra. 40 m., all the 
leaves were in the same state, escepting that the old leaf had a 
few more tentacles inflected. Five leaves which had been placed 
at the same time in water were observed at the same intervals 
of time ; aftei 2 hrs. 10 m. two of them had four, one had seven, 
one had tea, of the long-headed marginal tentacles, and the 
fifth had four round-headed tentacles, inflected. After 8 hrs. 
there was no change in these leaves, and after 24 hrs. all the 
marginal tentacles liad re-expanded ; bat in one leaf, a dozen, and 
in a second leaf, half a dozen, suhmarginal tentacles had become 
inflected. As the glands of the five leaves in the solution were 
simnltaneously darkened, DO doubt theybad all absorbed a nearly 
equal amount of the salt: and as ^^ of a grain was given fo the 
five leaves together, each got -r^ of a grain ('045 mg.). I did 
not count the tentacles on these leaves, which were moderately 
fine ones, but as the average number on tbirty-one leaves was 
192, it would be safe to asKume that each bore on an average at 
least 160. If BO, each of the darkened glands could have 
received only - jj ^ Jjii b "f "■ prain of the nitrate ; and this caused 
the inflection of a great majority of the tentacles. 

This plan of immersing several leaves in the same vessel 
is a bad one, as it is impossible to feel sure that the more 
vigorous leaves do not rob the weaker ones of their share of 
the salt. The glands, moreover, must often touch one another 
or the sides of the vessel, and movement may have been thus 
excited; but the corresjioudiag leaves in water, which were 
little inflected, though rather more so than commonly occurs, 
were exposed in an almost eiiual degree to these same sources 
of error. I will, therefore, give only one other experiment made 
in this manner, though many were tried and all confirmed 
the foregoing and following results. Four leaves were placed 
in forty minims of a solution of one part to 10,500 of water; 
and assuming that they absorbed equally, each leaf received 
y^j, of a grain ('0562 mg.l. After 1 hr. 20 m. many of the 
ti^ntaclcs on al! four leaves were somewhat inflected. After 
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5 hrn. 80 m. two leoTea had all tlicir tentacles inflected; a. 
tliird leaf all except tbe extreme niarglnalK, which secmud old 
and torpid ; and the fburth a large nuffllicr. After ifl hrs.. 
every fiingte tentacle, on qU four leaTcs, was closeij infloctvd. 
Of the foiii loaves placed at the eame time in water, one liail, 
after 5 hrs. 4o m., five mar^ifinal tentacles iiifiected ; 
ten ; a third, nice marginals and anbrnarginals ; and tbo fonrth, 
twelve, chiefly Mibmarginals, inflected. After 21 lirx. all thu§s 
marginal lentaoles re-espmded, but a few of the aubmatginalB. 
on two of the leaves remained slightly cnrved inwards. The 
contrast was wonderfully great betweon these four leaves in 
water and those in tbe solution, the latter having every one of 
tlisir tentacles closely infieoted. Making the moderate osanmp- 
tion that each of these leaves boro 160 tentacles, each gland 
could have absorbed only i^t'^o of a grain (OOOSiil mg.). 
This eiperimont was repeated on three leaves witii the same 
relative amount of the solution ; and after 6 hrs. 15 m. all the 
t^^taclea except nine, on all tkree leaves taken tof^ther, were 
closely inflected. In this case the tentacles on each leaf were 
counted, and gave an average of 162 per leaf. 

The following ejqierimenta were tried during tbe aummor ot 
1873, by placing the leaves, each in a separate watch-glaes and 
pouring over it thirty minima (1'77'5 ml.) of the solution; other 
leaves being treated in exactly the same manner with tie 
doubly distilled water nsod in making the eolutions. The 
triols above given were made several years before, and when I 
read over my notes, I could not believe in the resnlte; so I 
resolved to begin again with moderately strong Eolutions. Six 
leaves were first immersed, each in thirty minims of a solution of 
one part of the nitrate to B750 of water (1 gr. to 20 oz.), so that 
each received 3}^ of a grain (2025 mg.). Before 80 m. had 
elapsed, fonr of these leaves were immensely, and two of them 
moderately, inflected. The glands were rendered of a dark 
red. The four corresponding leaves in water were not at all 
affected until 6 hrs. had elapsed, and then only the short ten- 
tacles on tlie borders of tbe disc; and their inflection, as 
previonaly explained, is never of any significance. 

Pour leaveeVere immersed, each in thirty minims of a solu- 
tion of one part to 17,&00 of water (1 gr. to 40 oz.), so that each 
received ^^ of a grain ('101 mg.j; and in less than 45 m. three 
of them hacl all their tentacles, except from four to ten, inflected; 
the blade of one being inflected after 6 hrs., and the blade of a 
second aft«r 21 hrs. Tlie fourth leaf was not at all affected. 
The glands of none were darkened. Of the correeponiiing Jeavea 
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in water, only one had any of ite exterior ientades, namely five, I 
infleotert ; after 6 hrs. in one tatse, and ofler 21 hra. in two other 
CEisoB, the short tentaules on the borders of the dmc furmed a \ 
ring, in the nenol manner. 

Fonr leftTes were immersed, each in thirty minims of a Rohition 
of one part to 4a,750 of water (1 gr. to 100 oz.), bo tliat eftcli lea( 
got-raW of * grain (0105 rog.)- f^f these, one was much in- 
fleeted in 8 m., and after 2 hrs. 7 w. had all the tentacles, 
exeept thirteen, infleuled. The second leaf, after 10 m., hud all 
except three inflected. The third and fourth were hardly at all . 
affected, scarcely more than the corresponding leaves in water. 
Of the latter, only one was affected, this having two t«ntBcleB 
inflected, with those on the outer parts of the disc forming a 
ring in the naual manner. In the leaf which had all its ten- 
tacles except three inflected in 10 m., each gland (agsuming that 
the leaf hore ItiO tentacles) could have absorbed only ^^iViin <>' 
a grain, or '000258 mg. 

Pour leaves were fieparately immersed as before in n, solution 
of one part to 131,250 of water (1 gr. to 300 oz,), bo that each 
received jJqj of a grain, or -OlSo mg. After 50 m. one leaf had 
all its tentacles exc«;it sixteen, and after 8 hrs. 20 m. all hat 
fourteen, inflected. The second leaf, aftur 40 m., had all hut 
twentj inflected; and after 8 hrs. 10 m. began to re-oipaiid. 
The third, in 3 hrs. hod about half its tentacles inflected, which 
began to re-expand after 8 hrs. 15 m. The fourth leaf, after 
S hrs. 7 m,, had only twenty-nine tentacles more or less in- 
flected. Thus three out of the four leaves were strongly acted 
on. It ia clear that very senBitive leaves had been accidentally 
selected. The day moreover was hot. The fonr corresponding 
leBTea in water were likewise acted on rather more tban is usual; 
for after 3 hrs. one had nine tentacles, another four, and 
another two, and the fourth none, inflected. With respect to 
tJie leaf of which all the tentacles, except sixteen, were inflected 
after 50 m., each gland (assuming that the leaf bore 160 ten- 
tacles) could have absorbed only ^bt^hh of a grain (0000937 
mg.), and this appears to be about the least quantity of the 
nitrate which snffiees to induce the inflection of a single tentacle. 

As negative results are important in confirming the foregoing 
positive ones, eight leaves were immersed as before, each in thirty 
minims of a solution of one part to 175,000 of wafer (1 gr. to 
400 oz.), HO that each received only ^^^g of a grain ('0101 nig.). 
This minute quantity produced a slight efieet on only four of 
the eight leaves. One had fifty-six tentacles inflected after 2 hiR. 
13 m.; a second, twenty-six inflected, or sub-inflected, after 
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38 m,; a tliirJ, eightcpn ioflenlwi. nftor 1 hr.; and n fonrlh, 
ten ioSeeted, after 35 m. The four other tnnves were nut ia 
the lenst affected. Of thtt eight correspundinR Ii«*(« In watot, 
one had. aftw 3 hre. 10 m., tiine tenia,'les. and fonr a\hvrs fmm 
one lo four loU);-heBiled tentodloi, inflectnl ; tho ranaiiiinc tlir(« 
being unalieeW. Hence, the ^f, of a (.-rain Riien to awutti- 
tire leaf during warm weather perhaps prndiiceB a Klit;ht RfTtct ; 
but we muel lienr in mind that occiut)' malty wottir cuuswt m 
great on anionnt uf iufluvtiou as oci'iutmI Jit this laet ox- 
petimeot. 



Summary of lite B^suUs wtlh Nilrate of Atnmania. — 
The gknda of the disc, when escitetl by a balf-miiiim 
drop ("0296 ml.), containing tiW of a grain of the 
nitrate ('027 mg.), transmit a motor impulse to the 
exterior tentaclea, causing them to bend innards. A 
minute drop, containing T , - h r.i of a grain (-00225 mg.), 
if held for a few seconds in coutucl with a gland, 
causes the tentacle bearing this gland to be inflected 
If a leaf is left immersed for a fow hours, 8n<l aomo- 
times for only a few minutes, in a solution of such 
strength that each gland can absorb only the ^-rVrs 
of a grain (-0000937 mg.), this small amount is 
enough to excite each tentacle into movement, and 
it becomes closely inflected. 



Phosphate op Ammonia. 

This salt is more powerful than the nitrate, even 
in a greater degree than the nitrate is more powerful 
than the carbonate. This is shown by weaker solu- 
tions of the phosphate acting when dropped on the 
discs, or applied to the glands of the exterior ten- 
tacles, or when leaves are immersed. The difference 
in the power of these three salts, as tried in three 
different ways, supports the results presently to be 



154 



DROSERA ROTCNDIPOLIA. 



given, which are so surprising that their crerli-J 
bility requires every kind of support. In 1872 X\ 
experimenteil on twelve immersed leaves, giving eoch^a 
only ten minims of a solution; but this waa a badij 
method, for so small a quantity hardly covered them.-'J 
None of these experiments will, therefore, be given,,! 
though they indicate that excessively minute dosea(_l 
are efficient. "When I read over my notes, in 187^-.l 
I entirely disbelieved them, and determined to make- f 
another set of experiments with scrupulous care, 
the same plan as those made with the nitrate ; namely ] 
by placing leaves in watch-glasses, and pouring c 
each thirty minims of the solution under trial, treat- 
ing at the same time and in the same manner othet 
leaves with the distilled water used in malting the 
solutions. During 1873, seventy-one leaves were thna 
tried in solutions of various strengths, and the same 
number in water. Notwithstanding the care taken 
and the number of the trials made, when in the 
following year I looked merely at the results, without 
reading over my observations, I again thought that 
there must have been some error, and thirty-five fresh 
trials were made with the vreakest solution ; but 
the results were aa plainly marked as before. Al- 
together, 106 carefully selected leaves were tried, 
both in water and in solutions of the phosphate. 
Hence, after the most anxious consideration, I can 
entertain no doubt of the substantial accuracy of my 
results. 



Before givinE my esperiments, it may be well to premise tliat 
cijatallised pboKphate of ammonia, such oa X ueqiI, contains 
35*33 per cent, of water of crystulli nation ; so that in all tho 
following trials the efficiont elements formed only 61'67 per 
cent, of the salt used. 

Extremely minute particles of tlie dry phosphate wore plai'cd 
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■with the point of a needle on the Becrotion snrroniiding Bevecal 
glands. Thtiso poured forth much eei'retioa, were blackened, 
and nltjmatel}' died; but the tentacles muved only slightly. 
The does, email as it was, eTidoiitl; was too great, aod the 
tosnlt was tbo same as with portielta uf the carbouatu of 
anuDDnia. 

HaSf-mininiB of a solution of one part to 437 ot water wore 
. placed on the discs of three IcaTes aad acted most energetically, 
causing the tentacles of one to be inflected in 15 m., and 
the blades of all three to be much curved inwards in 2 hra. 
15 m- Similar drops of a solution of one part to 131'2 of water, 
(1 gr. lo 3 oz.) were then planed on the discs of five leayes, 
so that each rcpeived the ykss ^^ * grain (0^5 mg.). After 
a hrs. the tentacles of four of them were oonsiderably inflected, 
and after 2i krs. the blades of three. After 48 hrs. all fiie 
were almost fully re^xponded. 1 may mention with respeat 
to one of these leaves, that a drop of water liad beeii left 
during the previous 24 hrs. on its disc, but produced no effect; 
and that this was hardly dry when the solution was added. 

Similar drops of a solntios of one part to 17oO of water (1 gr. 
to 4 oz.) were uezt placed on the discs of sii leaves ; so that 
each received jJj^ of a grain (0169 mg.); after 8 hia, three of 
them had many tentacles and their blades inflected; two others 
had only a few tentacles slightly inflected, and the sixth was 
not at all affected. After 24 hrs. most of the leaves had a few 
more tentacles inflected, but one had hcgun to re-expand. We 
thoe aee that with the more sensitive leaves the ^^ of a grain, 
absorbed by tbe central glands, is enough to make many of the 
eiterior tentacles and liie blades bend, whereas the ys'IS '^^ ^ 
grain of the carbonate similarly given produced no effect; and 
jj^ of a grain of the nitrate was only just sufficient to produce 
a well-marked effect. 

A minute drop, about equal to j^ of a minim, of a solution of 
one part of the phosphate to 875 of water, was applied to the 
secretion on three glimds, each of which thus received only 
y t i aa of a grain (■LI0112 mg.), and all three tentacles became 
inflected. Similar drops of a solution of one part to 1312 of 
water {1 gr. to 3 oz.) were bow tried on three leaves; a drop 
being apphed to four glanJa on the same leaf. On the first 
leaf, three of the tentacles became slightly inflected in 6 m., and 
re-ospaaded after 8 hrs. 45 m. On the second, two tentacles 
beeame sub-tnflccted in 12 m. And on the third all four 
tacles were decidedly inflected in 12 m. ; they remained st 
8 hrs. 30 m., but by the next morning were fully re-expan 
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In thia latter case each gland ecmld have received only tha 
■Y^ ^,a! i (<"■ 000563 mp.) of a grain. Lastly, similar drops of a 
Bolutionof one part to 1750of water (Igr. to4i ' ' ■" 

five leaves ; a drop being applied to fonr glands on tti 
leaf. The tentacles on three of these leaves were not in the 
lee«t affected; on the fourth leaf, two became inflected; whilst 
on the fifth, which happened to be a very sensitive one, all four 
tentacles were plainly inflected in 6 hrs. 15 m.; bnt only one re- 
mained inflected after 24 hra. I should, however, state that in 
this cane an iiniisiially large drop adhered to the head of the 
pin. Each of these glanife could have received very little mora 
than irs'eBB °^ '^ grain (or -000423); hot this small qnantity 
sufficed to cauae inflection. We must bear in mind that these 
drops were applied to the viscid secretion for only from 10 to 
16 seconds, and we have good reason to believe that all the 
phosphate in the solution wonld not be difiused and absorbed in 
this time. We have seen under tha same circumstances that the 
absorption by a gland of t sIv ts ^^ " grain of the carbonate, and 
of rrJau of a grain of the nitrate, did not cause the tentacle bear- 
ing the gland in queetion to be inflected; so that here again the 
phosphate is much more powerful than the other two salts. 

We will now turn to the 106 eiperimenfs with immersed 
leaves. Having ascertained by repeated trials that moderately 
strong solutions were highly efficitnt, I commeucod with sixteen 
ltave». each placed in thirty minim!^ of a solution of one part 
to 43,760 of water (1 gr. to 100 oz.) ; so that each received 
■Y^as of a grain, or '04058 mg. Of these leaves, eleven had 
nearly all or a great number of their tentacles inflected in 
1 hr., and the twelfth leaf in 3 hrs. One of the eleven had 
every single tentacle closely inflected in 50 m. Two leaves ont 
of the sixteen were only moderately affected, yet more so 
than any of thoee Btmnltaneously immersed in water; and the 
remaining two, which were pale leaves, were hardly at all 
affected. Of the sixteen corresponding leaves in water, one 
had nine tentacles, another six, and two others two tentacles 
inflected, in the course of 5 hrs. So that the oontraat ir 
apperiranoe between the two lot* was extremely great. 

Eighteen leaves were immerped, each in thirty minims of a 
Bolulion of one part to 87,500 of wafer (1 gr. to 200 oz.), so 
that each received j^^ of a grain (0202 mg,). Fourteen ot 
these were strongly inflected within 2 hrs., and some of them 
within 15 m. ; three out of the eighteen were only sh'ghtly 
aSeatoA, having twenty-one, ninetoen, and twelve tentacles iti- 
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fleeted ; and one was not at alt (ict«d on. By an accident only 
fifteen, iusteod of eighteen, leavos nere immiirsed at tbe same 
time in water; tbesu were oleerred Fur '24 hra. ; one had eii, 
another four, and a third two, of their outer ttntacles infleeted; 
the remainder being qaitu unaffectEKj. 

The next experiment wae tried under very faroarable circnm- 
stancea, furb be ds; (July 8) was very wum, and I happened 
to baye nnuaually fine leaves. Five were inunersed as before in 
a eolulion of one part to 131,250 of water (1 gr. to bOO oz.), ac 
tliat each received ^^ of a grain, or -0135 mg. After an 
immerKion of 25 m. all five leaves were much inflected. After 
1 hr. 25 m. one leaf bad all but eight tentacles inflected; the 
tecond, all but three; tike third, all but five ; the fourth, all but 
twenty-three; the fifth, on the other hand, never had more 
than twent;-foar inflected. Of the correspoading five leaves in 
water, one had aevca, a second two, a third ten, a fonrth one, 
and a fifth none inflected. Lot it be observed what a contraat 
is preKented between these latter leaves and those in the eolu- 
tioB. I counted the glands on the second leaf in the sohition, 
and the nninlwr was 217 ; assuming that the three tentacles 
which did not become inflected absorl>ed nothing, we find 
that each of the 214 leniaining glands could have absorbed 
only ifl,}i6o of » Peia, or 'OOOOtSl mg. The third leaf bore 
236 glandn, and subtracting the live which did not become in- 
flected, each of the remaining 231 glands could have absorbed 
o^'y iiaiwofl of a grain (or '00005B4 mg.), and this amount 
sufficed tJ> cause the teutactcs t<i bend. 

Twelve leaves were tried as before in a solution of one part to 
175,000 of water (1 gr. to 400 oz.), so that each leaf received ^As 
of a grain COlOl mg.). My plants were not at the time in 
a good state, and many of the leaves were young and pale. 
Nevertheless, two of them had all their tentacles, except three 
or four, closely inflected in under 1 hr. Seven were con- 
siderably affected, some within 1 lir., and others not until '6 hrs., 
4 hrs. 30 m., and 8 bra. had elap^; and this slow action 
may be attributed to the leaves being young and pale. Of 
these nine leaves, four had their blades well inflected, and a 
fifth slightly so. The three remaining leaves were not affected. 
With respect to the twelve corresponding leaves in water, not 
one had its blade inflected ; after from 1 to 2 hrs. one had 
thirteen of its ouhir tentacles inflected; a secund six, and four 
oUiera either one or two inflected. After 8 hrs. the onter 
tentacles did not become more inflected; whereas this occurred 
with the leaves in the solution. I recuid in my notes that 
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after the 8 lira, it was impossible to compare the two lota, i 
doubt for an instant the power of the solution. 

Two of the above loaTos in the solution had all their teutaelea, 
escopt three and four, inflected within an hour. I counted their 
glands, and, on the Kame principle as before, each glam 
leaf could have absorl>ed only rrriiraBt ^^^ °^ tli.B other leaf J 
only ytteoob- °^ ^ grain of the phosphate. 

Twenty leaves were immersed in the usual nianiier, ench in I 
thirty minims of a solution of one part to 218,750 of water (1 gi", 
to 500 oz.). So many leaves were tried because I was theni 
under the false impreGeion that it was incredible that anf 
weaker solntion eould produce an effect Each leaf received- 
"s-omr "^f * gi^in, or '0081 mg. The Brst eight leaves which I 
triad both in the solution and in water were either young and i 
pale or too old ; and the weather was not hot. They were hardly. 
at all affected ; nevertheless, it would be unfair to exclude them, 
I then waited until I got eight pairs of liae leaveR, and the 
weather was favourable ; the temperature of the room where the 
leaves were iramersed varying from 75° to 81" (23°-8 to 27'''2 
Cent,). In another trial with four pairs (included in the above 
twenty pairs), the temperature in my room was rather low, 
about 61P (15°5 Cent.) ; but the plants had been kept for several 
days in a very warm greenhouse and thus rendered eitremely 
sensitive. Special precautions were taken for this eet of experi- 
ments; a chemist weighed for me a grain in an excellent 
balmice; and fresh water, given me by Professor Frankland,wa8 
carefully measured. The leaves were selected from a largo 
number of plants in the following manner : the four finest wero 
immersed in water, and the next four finest in the solution, and 
BO on till the twenty paba were complete. The water specimen* 
were thus a little favoured, but they did not undergo more in.- 
fleotjon than in the previous cases, comparatively with thoas 
in the solution. 

Of the twenty leaves in the solution, eleven became inflected 
within 40 m. ; eight of them plainly and three rather doubt- 
fully ; but the latter had at least twenty of their outer tentacles 
inflected. Owing to the weakness of the solution, inflection 
occuried, escept in No. 1, much more slowly than in the pre- 
vious trials. The condition of the eleven Ieav€« which were 
considerably inflected will now be given at stated intervals, 
always reckoning from the tune of immersion : — 

(1) After only 8 m. a large mmiber of tentacles inflected, 
and after 17 m. all but fifteen; after 2 Iirs. all hut eight in- 



I 



.'. vu, 



PHOSPHATE OP AMMONIA. 



159 



fltict«d, or plainly Bub-mflected. After 4 hr& tho tenlarleB 
began to re-expand, and eueh prompt re-eipanBion is unusual ; 
ftftor 7 hrs. 30 m. tliey were nlnmst fully re-expanded. 

(2) After 31) m. a lai^e number of tcntiiiOoH inflected ; after 
2 hrs. 18 m. all but twentj-fiTe inflect. d; after 4 lira. 17 m, al! 
tint Rixtecti inflected. Tbe leaf remainijd in this stute for many 

(3) After 13 m. a cunt^iderable amount of icflectton ; afler 
4 hrs. all the tentocies influcteil eicept thosa of the two outer 
rows, and the leaf remained ia this Etat« for eome timoi after 

23 hrs. began to re-expand, 

(i) After 40 m. much inflection ; after 4 hre. 13 m. fully half 
tlie tentacles inflected; after 23 his. Btill slightly inflected. 

(&) After 40 m. much inflection ; after 4 hrs, 23 m. fully half 
the tentacles inflected; after 23 hrs. alill eli^litly inflected. 

(6) After iO m. Boiue inflectiwi; after 2 hrs. la m. about 
twenty-eight outer ttintaclea inflected ; after 5 hre. 2U m. about a 
tliird of the toDtacIea inflected ; after 8 hrs. much re-expanded. 

(7) After 20 m. eowe inflection ; after 2 hrs. a considerable 
niunlier of tentacles iuSccted ; after 7 hrs. 45 m. began to 
ro-espand. 

(8) After 38 m. twenty-eight tentacles ii.flected ; after 3 hrn. 
45 m. thirty-three influeteil, with most of tbe aubmarginal 
tentacles sub-inflected ; continued go for two days, and then 
partially re-eipanded. 

(9) After 38 ra. forty-two tenlacles inflected; aft*t 8 hrs. 
12 m- sixty-six inflected or Euh-inflected ; after ti hrs. 40 m. all 
but twenty-four inflected or aub-i n flee ted ; after 9 hrs. 40 m. all 
but seventeen inflected; after 24 hrs. all but four inflected or 
snb-inflected, only a few being closely inflected; after 27 hrs. 
40 m, the blade inflected. The leaf remained in this state for 
two days, and then began to re-espand. 

(10) After 38 m. twenty-one tentacles inflected ; after 3 hrs. 
12 m, forty-sis tentacles inflected or sub-inflected ; after 6 hrs. 
40 m. all but Beventeen inflected, though none closely; after 

24 hrs. every tentacle slightly curved inwards ; after 27 hrs. 
40 m. blade strongly inflected, and so continued for two days, 
and then the tentacles and blade very slowly re-eipanded. 

(11) This fine dark i-ed and rather old leaf, tliough not very 
large. l>ore an extraordinary number of tentacles (viz. 252), and 
behaved in an anniualous manner. After 6 hrs. 40 ra. only the 
short tcintacles round the outer part of the disc were inflected, 
forming a ring, as so often occurs in from 8 to 24 hrs. with 
leaves both in water and the weaker solutions. But after 9 hra 
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iO m. all the outer tentacles except twenty-five were inflectedj^ 
aa wna ttiB blade in a strongly marked nianuer. After 2i hrs. 
every ttaitacle exaept one wog closely infiected, and the blade 
was completely doubled over. TIitib the leaf remained for two 
days, when it began to re-espand. 1 may arid that the three 
latter Ii^aves (Sob. 9, 10, and 11) were still somewhat inBecteil 
after tbree days. Tlie tentacles in but few of these eleven li 
became diis'ly infleeted within so short a time as in the prsi^ 
viouE experiments with stronger solutions. 

We will now turn to the twenty corresponding leaves in water. 
Nine had none of their outer tentacles inflected ; nine othera 
had from one to three inflected i and these re-espanded after 
8 hrs. The remaining two leaves were moderately affeeteil; one 
having six tentoeles inflected in 34 m. ; the other twenty-three • 
iuflseted in 2 hrs. 12 m. ; and both thus remained for 21 hiS.: | 
None of these leaves had their blades inilected. So that the ci 
trast between the twenty leaves in water and the twenty in 1 
solution was very great, both within the first hour and after 1 
from 6 to 12 hrs. had elapsed. 

Of the leaves in the Eohition, llie plniidR on leaf No. 1, which ' 
in 2 hrs. had all its tent teles except eif;ht i 
oamited and found lo he 2l)2. SubtractiDg the eight, each gland 
could hove received only the ,„jijflfl of a grain (■(XXXMll mg.) 
of the phosphate. Leaf No. 9 liad ^l-it tentacles, all of which, 
with the exception of four, were inflected after 24 hrs., bnt 
none of them closely ; the blade was also infiected ; each gland 
could have received only the |a^■on6 °^ » fi^^in, or ■0000387 
mg. Lastly, leaf No. 11, which bad after 21 hrs. all its ten- 
tacles, except one, closely inflected, as well as the blade, bore 
the unusually large number of 252 tentacles; and on the same 
principle as before, each gland could have absorbed only the 
sroJour of a E™-!". Of -0000322 mg. 

With respect to the foUowmg experimenls, I must premise 
that the leases, Ixitb those placed in the solutions and in water, 
were taken from plan's which hud been kept in a very warm 
greenhouse dnrmg the winter. They were thus rendered ex- 
tremely sensitive, ub was shown by water exciting them much 
more than in the previous experiments. Before giving my 
observations, it may l>e well to remind the reader that, judf^ing 
from thirty-one fine leaves, the average niiial>er of tentacles is 
192, and that the outer or exterior ones, the movements of 
which are alone significant, are to the short ones on the diBO in 
the proportion of about sixteen to nine. 



ectei^^^l 
pr<^^^| 

I 



FBOSPQATE OF AUHOKU. 



IGl 



3 jjnnieraed as before, each in thirty tnininiB 
of a Bolution of one part tu »2U,1<25 of water (1 Rt. to 750 os.). 
Each leaf thns roctsivcd -n^ of a gma (-OO&i mg.) of the salt j 
and all four were greatly iuflectud. 

(1) After 1 hr. all tlie outer tentacles but one inflected, and 
the blade greatly so ; after 7 bra. b4:£aD tu re-expaurl. 

(2) After 1 hr, all the ont^t tetitacles but eight inflected; 
after 12 hrs. all re-expandod. 

(ii) After 1 hr. much iuBection ; after 2 brti. 30 m. all the ten- 
taclee but thirty-six inflected ; after 6 lira, all but twenty-twu 
inflected ; after 12 hrs. portly Te-exponded. 

(4) After 1 hr. all the tentacles but thirty-two inflected; after 
'2 hrs. 30 m. all but twenty-one inflected ; after 6 hra. almuet 
re-expanded. 

Of the four corresponding leaves in water:^ 

(1) After 1 hr. forty-five teutaclea inflected ; but after 7 bra. 
BO many hod re^spanded that only ten remained much inflected. 

(2) After 1 hr. seven teutaclea indected; these were almost 
le-expanded in 6 bra. 

(3) and (4) Not aS^tted, except that, ae usual, after 11 lirs. 
the short lenlaclea on the borders of the diac formed a ring. 

There can, therefore, be no doubt about the efficiency of the 
above solution ; and it foUowa ne before that each gland of No. 1 
could have absorbed only a^.j^oa of a. graio (0000268 mg.) 
and of No. 2 only ^ssiom *>'' » erain ("00002133 mg.) of the 
phosphate. 



Seven leaves were immersed, each in thirty minims of a 
solution of one part to 437,500 of water (1 gr. to ICOO oz.). 
Each leaf thus jeceived -nin^ of a grain (-00105 mg.). The day 
was warm, and the leavoa were very fine, bo that all circum- 
Btaneea were favourable. 

(1) After 30 m. all the out«r tentacles except five inflected, 
and most of them closely; after 1 hr. blade slightly inflected j 
after 9 hra. 30 m. bcgau to re-expand. 

(2) After 33 m. all the outer teutaclea but twenty-five in- , 
fleeted, and blade slightly so ; after 1 hr. 30 ni. blade strongly 
inflected and remaiaed so for 24 hrs. ; but some of the tentacles 
had then re-ex pandud. 

(3) Al'ler 1 hr. all but twelve tentacles inflected ; after 3 hrs. 
30 m. all but nine inflected ; and of the inflected tentacles all 
exctpting four closely; blade slightly inflected. After B hrs. 
blade quite doubled up, and now all the t^ntoclee excepting 
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eight closely inflected. The leaf remained in this Htate for two 
dnya. 

(4) After 2 firs. 20 m. only fifty-iiine tentaciea inflected ; but 
after 5 hra. nil the t(?ntai;Ies closely inflected esceptiug two 
which were not atfucted, and eleven which were only, sulj-in- 
fleuted; after 7 hrs. blado cousiderttbiy inflected; after 12 hrs. 
much re-expanEion. 

(5) After 4 hrs. all the tentaciea bat fourteen inflected; lifter 
9 brs. 30 m. beginning to re -expand. 

(6) After 1 hr. thirty-nii tentacles inflected; after 5 hrs, all 
bat flftyfour inflected; after 12 hrs. conaidenLble re-espansicm. 

(7) After 4 hrs. SO m. only thirty-flve tentacles inflected or 
Bab-infleoted, and this small amountof inflection never increased. 

Now for the seven corr^ponding leaves in water ;- 

(IJ After 4 hrs. thirty-eight tentiiclea inflected 

7 lira, thcae, with tho exception of eii, re-expinded. 

(2) After 4 hrs. 20 m, twenty inflected ; these after 9 hrs. 
partially re-c\panded. 

(3) Afttr 4 btH. five inflected, which began to re-expand after 
7 bra. 

(4) After 24 bra. one inflected. 

(5), (6) and (7) Not at all affected, though observed for 
24 hrs., exceptiog the short teutacles on the borders of the disc, 
which as usual formed a ring. 

A comparison of the leaves in the solation, especially of 
the first five or even six on the list, with those in the water, 
after 1 hr. or after 4 hrs., and in a still more marked degree 
aft^r 7 hrs. or 8 hrs., could not leave the least doubt that the 
solution had product^ a great efiecb. This was shown not only 
by the vastly greater number of inflected tentacles, bnt by 
the degree or closeness of their inflection, and by that of their 
blades. Yet each gland on leaf No. 1 (which bore 255 glands, all 
of which, excepting five, wei^ inflected in 30 m.) could not have 
received more than one-foar-millionth of a grain (■0000162 
mg.) of the salt. Again, each gland oa leaf No. 3 (wliich 
bore 233 glands, all of which, escept nine, were infioeli^d in 
2 hrs. 30 ni.) could have received at most only the ysirlisoff ^^ 
e, graia, or 0000181 mg. 

Four leaves were immersed as before in a solution of one part 
to 65G,2.X) of water (1 gr. to 1500 oz.) ; but on this occasion I 
happened to select leaves wliich were very little sensitiye, as 
on other occa^ons I chanced to select unusually eensitive 
leaves. The leaves were not more afiiicted after 12 hrs. than 
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the four correspondiDg ones in water; but aft^r 24 hrs. they 
were slightly more inflected. Such evidence, however, is not at 
all trustworthy. 

Twelve leaves were immersed, each in thirty minims of a solu- 
tion of one part to 1,312,500 of water (1 gr. to 3000 oz.); so that 
each leaf received ^^^^xj of a grain (-00130 mg.). The leaves were 
not in very good condition ; four of them were too old and of a 
dark red colour ; four were too pale, yet one of these latter acted 
well ; the four others, as far as could be told by the eye, seemed 
in excellent condition. The result was as follows : — 

(1) This was a pale leaf; after 40 m. about thirty-eight ten- 
tacles inflected; after 3 hrs. 30 m. the blade and many of the 
outer tentacles inflected; after 10 hrs. 15 m. all the tentacles 
but seventeen inflected, and the blade quite doubled up; after 
2i hrs. all the tentacles but ten more or less inflected. Most 
of them were closely inflected, but twenty-five were only sub- 
inflected. 

(2) After 1 hr. 40 m. twenty-five tentacles inflected; after 
6 hrs. all but twenty-one inflected ; after 10 hrs. all but sixteen 
more or less inflected ; after 24 hrs. re-expanded. 

(3) After 1 hr. 40 m. thirty-five inflected; after 6 hrs. "a 
large number*' (to quote my own memorandum) inflected, 
but from want of time they were not counted ; after 24 hrs. re- 
expanded. 

(4) After 1 hr. 40 m. about thirty inflected ; after 6 hrs. "a 
large number all round the leaf " inflected, but they were not 
counted ; after 10 hrs. began to re-expand. 

(5) to (12) These were not more inflected than leaves often 
are in water, having respectively 16, 8, 10, 8, 4, 9, 14, and ten- 
tacles inflected. Two of these leaves, however, were remarkable 
from having their blades slightly inflected after 6 hrs. 

With respect to the twelve corresponding leaves in water, (1) 
had, after 1 hr. 35 m., fifty tentacles inflected, but after 11 hrs. 
only twenty- two remained so, and' these formed a group, with the 
blade at this point slightly inflected. It appeared as if this leaf 
had been in some manner accidentally excited, for instance by a 
particle of animal matter which was dissolved by the water. 
(2) After 1 hr. 45 m. thirty-two tentacles inflected, but after 
5 hrs. 30 m. only twenty-five inflected, and these after 10 hrs. 
all re-expanded; (3) after 1 hr. twenty-five inflected, which 
after 10 hrs. 20 m. were all re-expanded; (4) and (5) after 
1 hr. 35 m. six and seven tentacles inflected, which re -expanded 
after 11 hrs.; (6), (7) and (8) from one to three inflected, which 
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soon ro-ejTpande'l ; (9), (10), (11) and (12) nimeiuflocfed, though 
observed for twenty-four hours. 

Comparing the states of the twelve leaves in water with those 
in the solution, there oould bo no doubt that in the latter a, larger 
number of tentacles were inflected, and these to a greater degree ; 
bnt the eyidence was by no means so clear bb in the former ex- 
perimenta with stronger Bolutiona. It deserves attention that the 
inflection of four of the leaves in the solution went on increasing 
during the first 6 hrs.,Bnd with some of them for a longer time; 
whereas in the water the inflection of the three leaves which 
were the most affected, bb well as of all the others, began to de- 
crease during this same interval. It is also remarkable that the 
blades of thi'ee of the leaves in the Bolution were slightly in- 
flected, and this is a most rare event with leaves in water, 
though it occnrred to a slight extent in one (No. 1), which 
seemed to have been in some manner accidentally excited. All 
this shows that the solution produced some effect, though less 
and at a much slower rate than in the previons cases. The 
small effect produced may, however, be acconnted for in large 
part by the majority of the leaves having been in a poor con- 
dition. 

Of the leaves in the solution , No. 1 bore 200 glands and received 
^iJtttj of a grain of the salt. Subtracting the seventeen tentacles 
which were not inflected, each gland could have absorbed only 
the B -, aiono "^ " grain (00000738 mg.). This amount caused 
the tentacle bearing each gland to be greatly inflected. The 
blade was also inflected. 



Lastly, eight leaves were immersed, each in thirty mininip of a 
sobitjonof one part of the phosphate to 21,875,000 of water (Igr. 
to 5000 oz.). Each leaf thus received ^{.1/,/, of a grain of the salt, 
or -00081 mg. I took especial pains in selecting the finest leaves 
from the hotrhonse for immersion, both in the solution and the 
water, and almost all proved extremely sensitive. Beginning as 
before with those in the eolniion : — 

(1) After 2 hrs. 30 m. all the tentacles but twenty-two in- 
flected, but some only snb-inflpcted ; the blade much inflected; 
after 6 hrs. 30 m, all hut thirteen inflected, with the blade 
immensely inflected ; and remained so for 48 hrs. 

(2) No change for the first 12 hrs., but after 21 hrs. all the 
tentacles inflected, excepting those of the outermost row, of which 
only eleven were inflected. The inflection continued to increase, 
and after 48 hrs. all the tentacles except three were inflected. 
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anti moBt of Ihom rather closely, four or Sre being only sub- 
infltieted. 

(3) No change for tho first 12 hra.; Irat after 21 hra. all the 
tentncliw excepting those of the outermost row wore Eab-infiected, 
with the blade inflected. After 3(i hrs. blndo atrongly inflected, 
with all the tentnoles, except Uiree, iuflccted or Eub-ioflecteiL 
After 48 hrs. in the name etate. 

(4) to (8) These loavoa, after 2 hra. 30 m., hoA respectively 
82, 17, 7, 4, aud tentacles inflected, most of which, after a few 
honrs, re-espanded, with the exception of No. 4, which retained 
ita thirty-two tentacles influeted for 48 hra. 

Now for the eight corresponding loftTcs in water ; — 

(1) After 2 hra 40 m. this had twL>nty of its outer tentaclea 
inflected, live of which re-expanded after 6 hra. 30 m. Afler 
10 hra. 15 m. a roost nnneual circumstance occurred, namely, 
the whole blade became alightly bowed towards the footstalk, 
and so remained for 48 hrs. The exterior tentacles, excepting 
those of the three or four outermost rows, were now alao in- 
flt:uted to BU unusual degree. 

(2) to (8) These leaves, after 2 lira. 40 m., had respectively 49, 
12, 9, B, 2, 1, and tentacles inflected, which all re-expanded 
within 24 hrs., and most of them within a much shorter time. 

When the two lota of eight leaves in the solution and in the 
water were compared after the lapse of 24 hra., they undoubt- 
edly differed much io appearance. The few tentacles on tlie 
leaves in water which were inflected had after this interval re- 
expanded, with the esccptioQ of one leaf; and thia preaented 
tho very unusual case of the blade being somewhat inflected, 
though in a degree hardly approaching that of the two leaves in 
the solution. Of these latter leaves, No. 1 had almost al! its 
tentacles, together with its blade, inflected after an immersion 
of 2 hrs. 30 m. Leaves No. 2 and 3 were affected at a much 
slower rate; bnt after from 24 hrs. to 48 hrs, almost all their 
tentacles were closely inflected, and the blade of one quit.e 
doubled up. We must therefore admit, incredible as the fact 
may at first appear, that this extremely weak solution acted on 
the more sensitive leaves ; each of which received only the 
s^jTj of a prain (-00081 mg.) of the phosphate. Now, leaf 
Ho. 3 bore 178 tentacles, and subtracting the three which were 
not inflected, each ;;lftBd could have absorbed only the xtoi^uroa 
of a grain, or -00000103 mg. Leaf No. I, wliich was strongly 
acted on within 2 hrs. SO m., and had all its outer tentacles, 
except thirteen, inflected within 6 hrs. 30 m., bore 260 tentacles ; 
and on the same principle as before, each gland could hnue 
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tthsorbod OTily rwrrhmre "f » erni". or -00000328 niR.; and thi|| 
excessiTuly niinnto amount BufBccd to rauRe nil the tentAcIed 
bearing these glimda to be greatly infleoted. Tke blade was a! 
infleuted. 

Swmmary of the Results vnth Phosphate nf Ammonia.— 
The glands of the disc, when excited by a htilf-minin 
drop (-0296 ml.), containing ^-^-g of a grain (-0169 
mg.) of thia salt, transmit a motor impulse to the 
exterior tentacles, causing them to bend inwards. A 
minut« drop, containing Tra-nr-^ of a grain ('000423 I 
mg.), if held for a few seconds in contact with a | 
gland, causes the tentacle bearing this gland to be i 
inflected. If a leaf is left immersed for a few hours, i 
and sometimes for a shorter time, in a solution so 'J 
weak that each gland can absorb only the -r^ 
of a grain (-00000328 mg.), this is enough to excite 
the tentacle into movement, so that it become* I 
closely inflected, as does sometimes the blade. In 
the general summary to this chapter a few remarks 
will be added, showing that the efficiency of such 
extremely minute doses is not so incredible as it 
must at first appear. 

Sulphate of Ammonia.— The few trials mode with thia and tho 
following five salts of ammonia were undertaken merely to 
ascertain whether tliey induced inflection. Half-minims of a 
Bolutioit of one part of the siilphato of ammonia to 437 of 
water were placed on the discs of seven leaven, so that each 
received jjj- of a grain, or 'OSlii mg. After 1 hr. the ten'acles 
of five of them, as well as the blade of one, were strongly 
inflected. 'I he leaves were not afterwards observed. 

VUi-iite of Ammuni'i. — Half-minims of a solution of oao part 
to 437 of water were placed on the discs of sis leaves. In 
1 hr, the short outer tentacles round the discs were a little 
inflected, with the glands on the discs blackened. Afltr 
'i hm. 25 m. one leaf had its blade inflected, but none of the 
exterior tentacles. All sis leaves remained in nearly the Banio 
^ta*B during the day, the suhmarginal tentacles, however, 
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becoming more inflected. After 23 hca. three of tlie leavea hnd 
theii bladuB somewhat inflected; and the subinttrgiiial tealaclea 
of &11 considerahl; inflected, but in none were the two, thi'ee, or 
four outer rows affecfed. I have rarely seen caaea like this, 
except from the action of a decoction of grass. The glonde on the 
discs of the above leaves, iuatettd of being almost black, as after 
the tirst hour, were now after KJ hrs, yorj pale. I nest triiid 
on four leaves half-minims of a wenker solution, of one part to 
131i of water (1 gr. to 3 ok.); bo that each received ^^^ of 
■ grain ('0£!5 mg.). Aft^ji 2 hrs. 18 m. the glands on the disc 
were very dark-coloured ; after 24 hrs. two of the leaves were 
Bligbtl; affected ; the other two not at all. 

Acetate of Ammonia. — Ualf-minims of a Bolution of about one 
part to 109 of water wore placed on the discs of two leaven, both 
of which were acted on in 5 hrs. 30 m., and after 23 hrs. had 
every single tentacle cloEely inflected. 

OxaUiU of Ammimia.. — Half-iaiiiims of a solution of one part 
to 218 of water were placed on two leavea, wliich, after 7 hrs., 
became moderately, and after 23 bra. Btrongly, inflected. Two 
other leaves were tried with a weaker solution of one part 
to 437 of water; one waR strongly inflected in 7 hrs.; the otlier 
not until 30 hrs. bad elapsed. 

Tuitrtie of .4 ui'hohio.— Half-minima of a aolutioD of one part 
to 4U7 of water were placed on the discs of five leavea In 
31 m. there waa a trace of inflection in the eitfirioi tentaclea of 
Bome of the loaves, and thia t>ecarae more decided after 1 hr. 
with all the leaves; but the tentacles were never closely in- 
flected. After 8 bra. 30 m. they began to re-eipand. Neit 
morning, after 23 tra., all were fully re-expanded, eicopting 
one which was still slightly inflected. The shottnesa of the 
period of inflection in this and the following case is remark- 
able. 

Chloridt of ^mmontum. — Half-minims of a solution of one 
part to 437 of water were placed on the discs of sis leaves. 
A decided degree of inflection in the outer and submarginal 
tentaclea was perceptible in 25 m.; and this increased during 
the nest three or four hours, but never became strongly marked. 
After only 8 hra. 30 m. the tentacles began to re-esp«nd, and 
by the nest morning, after 24 hrs., were fully re-eipanded on 
four of the leavea, but still slightly inflected on two. 



General Summary and Concluding Memarhs on the 
Saiis of Ammonia. — Wo have now seen that the nine 
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salts of ammonia vhich. were tried, all cause the in- ^^H 
flection of the tentacles, and often of the blade oi ' 
the leaf. As lar as can be ascertained from the 
superficial trials with the last sis salts, the citrate is 
the least powerful, and the phosphate certainly by fer 
the most. The tartrate and chloride are remarkable 
from the short duration of their action. The rela- | 
tive efficiency of the carbonate, nitrate, and pboa- ^^H 
pbate, is shown in the following table by the smallest ^^H 
amount which suffices to cause the inflection of the ^^^H 


Solution. ho».p!jl[M. 


■■srSL" 


Nitrite of 


.=.-■ 


Placed on the glands of 
the disc, BO BB to act 
indlrectlyontheoulfir 
teutaclea ..... 

Applied for a few bc- 
oouds directly to the 
gland of aa outer 
teiitaole ..... 

Leaf immeraed, with 
time allowed for each 
glnnd to absorb all 
that it can . . . 

imonDt absorbed by a 
gland which suffifiea 
to cause the agpre- 
gation of the prolo- 
plafim in the adjoin- 
ing oeUs of the ten- 


■OaTSmg. 

*.:'.", 
■Il0i*5 mg 

gram, or 
■U(Hl24iQg 

praiii, or 
■00048 mg 


•o-n mg. 

grain, or 
■UOM mg. 

gram, or 
■0000937 jug. 


mg. ^^B 
' 000123 mg. ^^M 


ITrom the experiments tried in thes 
ferent ways, we see that the carbonate 
tains 23-7 per cent, of nitrogen, is less 
the nitrate, which contains 35 per cent. 
phate contains less nitrogen than eit 
salts, namely, only 21-2 per cent., and y 


e three dif- 
which con- 
fBcient than 
The phos- 
her of these 
t is far more 
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eificieat ; its power no doubt depeniling quite as much 
on the phoapboms as on the nitrogen which it contains. 
We may infer that this ia the ease, from the energetic 
manner in which bita of bone and phosphate of lime 
affect the leaves. The inflection excited by the other 
salts of ammonia is probably due solely to their nitro- 
gen, — on the same principle that nitrogenous organic 
fluids act powerfully, whilst non-nitrogenoua organic 
fluids are powerless. Aa such minute doses of the 
salts of ammonia afl'ect the leaves, we may feel almost 
sure that Drosera absorbs and profits by the amount, 
though small, wbicli is present in rain-water, in the 
same manner as other pltints absorb these same salts 
by their roots. 

The smallness of the doses of the nitrate, and 
more especially of the phosphate of ammonia, which 
cause the tentacles of immersed leaves to be inflected, 
is perhaps the moat remarkable fact recorded in this 
volume. When we see that much less than the 
millionth" of a grain of the phosphate, absorbed by 
a gland of one of the exterior tentacles, causes it to 
bend, it may be thought that the effects of the solu- 
tion on the glands of the disc have been ovcrlooted ; 
namely, the transmission of a motor impulse from 
them to the exterior tentacles. No doubt the move- 
ments of the latter are thus aided ; but the aid thus 
rendered must be insignificant; for we know that a 
drop containing as much as the xj'rr of a grain placed 
on the disc is only jnst able to cause the outer ten- 
tacles of a highly sensitive leaf to bend. It is cer- 



• It is Karcely posniblo to real- 
ise nhat a. million nieana. The 
best illnBtration which I have met 
with iB that given by Mr. Croll, 
who Baya, — TiSte a narrow Birip of 
papui H3 ft. 4 in. in length, and 



stretoh It along the wall of a largo 
hall; then tuiuk off ut one end 
the tenth of an inch. This tenth 
will represent a hnndred, and Uu 
entire strip a million. 
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taiiily a most surprising fact that liie -i-t^-bW 
grain, or in ronnd nuiubera the one-twenty-millionth 
of a grain ('OOOOOSS mg.), of the phosphate should 
afi'ect any plant, or indeed any animal ; and as thia 
salt contains So^SS per cent, of water of crystallisation, J 
the efHcient elements are reduced to j „i^'i i- jr . of a.i 
grain, or in round niimbera to one-thirty-millionth 1 
of a grain (•00000216 mg.). The solution, moreoyer,.! 
in these experiments was diluted in the proportion of J 
one part of the salt to 2,187,500 of water, or one grain f 
to 5000 DZ. The reader will perhaps hest realise I 
this degree of dilution by remembering that 5000 oz. 
would more than fill a 31-gallon cask ; and that to J 
this large body of water one grain of the salt was 1 
added ; only half a drachm, or thirty minims, of the ( 
solution being poured over a leaf. Tet this amount | 
sufficed to cause the inflection of almost every ten- ] 
tacle, and often of the blade of the leaf. 

I am well aware that this statement will at first I 
appear incredible to almost every one. Drosera is far 
from rivalling the power of the spectroscope, but it 
can detect, as shown by the movements of its leaves, a 
very much smaller quantity of the phosphate of am- 
monia than the most skilful chemist can of any 
substance.* My results were for a long time incredible 



When my flret obaEtvatinns ' Treatise on Heat,' 2nd edit. 
-B niBd<' oil the tiitmte ol um- 1871, p. 23S). With Tef>pei't to 
oidiniiry chemical teiiti, 1 gather 
from Dr. Alfred Taylor'B work 
on ' Poieona ' that about ^ of > 
grain of Breenie, ^ of a prain 
of pruBsio BCici, ^^ of [ndinc, 
and ijai "^ tartarisi^d antimonf, 
can he detected ; but the power 
of deteotion deiwade much on tha 
BCilutiona undor tiial □□( being 
extremely weak. 



1 ago, the 
powers of the eper troscope hiid 
not heen discovered ; and I felt 
all the greater iutereet in the 
then unrivalled powers of Drosera, 
Now the BpectroBoope baa al- 
together beaten DroHera; for ac- 
cording to Bunaen and Kirahhoff 
probably less than one ^-^ of 
a grain of sodium can be thus 
lii-teotod (Bee Balf(,.ir etewnrt, 
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even to myself, and I ansiously sought for every 
source of error. The salt waa in some cases weighed 
for me by a chemist in an excellent balance ; and fresh 
water waa measured many times with care. The 
observations were repeated during several years. Two 
of my sons, who were as incredulous as myself, compared 
several lots of leaves ainndtaneously immersed in th© 
weaker solutions and in water, and declared that thero 
could be no doubt about the difference in their ap- 
pearance. I hope that some one may hereafter be in- 
duced to repeat my experiments; in this case he should 
select young and vigorous leaves, with the glands 
Burroimded by abundant secretion. The leaves should 
be carefully cut off and laid gently in watch-glasses, 
And a measured quantity of the solution and of water 
poured over each. The water used must bo as ab- 
solutely pure as it can be made. It is to be especially 
observed that the experiments with the weaker solu- 
tions ought to be tried after several days of very 
warm weather. Those with the weakest solutions 
should be made on plants which have been kept 
for a considerable time in a warm greenhouse, or cool 
hothouse ; but this is by no means necessary for trials 
with solutions of moderate strength. 

I beg the reader to observe that the sensitiveness or 
irritability of the tentacles was ascertained by three 
different methods — indirectly by drops placed on the 
disc, directly by drops applied to the glands of the 
outer tentacles, and by the immersion of whole leaves ; 
and it was found by these three methods that the 
nitrate was more powerful than the carbonate, and the 
phosphate much more powerful than the nitrate; this 
result being intelligible from the difierence in the 
amount of nitrogen in the first two salts, and from the 
presence of phosphorus in the third. It niivy aid the 
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reader's faith to tui'n to tho exptiriinpnts with a 
solution of one grain of the pliospiiate to 1000 oz. 
of water, and he will there find decisive evidence that 
the one-four-mi 11 iooth of a grain is sufficient to cause 
the inflection of a single tentacle. There is, there- 
fore, nothing very improbable in the fifth of this 
weight, or the one- twenty-millionth of a grain, acting 
on the tentacle of a highly sensitive leaf. Again, two 
of the leaves in the solution of one grain to 3000 
oz., and three of the leaves in the solution of ona 
grain to 5000 oz., were affected, not only far more 
than the leaves tried at the same time in water, but 
incomparably more than any five leaves which can be 
picked out of the 173 observed by me at different 
times in water. 

There is nothing remarkable in the mere fact of the 
one -twenty-millionth of a grain of the phosphate, 
dissolved in above two-million times its weight of 
water, being absorbed by a gland. All physiologists 
admit that the roots of plants absorb the salts of 
ammonia brought to them by the rain ; and fourteen 
gallons of rain-water contain' a grain of ammonia, 
therefore only a little more than twice as much aa in 
the weakest solution employed by me. The fact 
which appears truly wonderful is, that the one-twenty- 
millionth of a grain of the phosphate of ammonia 
(including less than the one-thirty-millionth of effi- 
cient matter), when absorbed by a gland, should 
induce some change in it, which leads to a motor 
impulse being transmitted down the whole length of 
the tentacle, causing the basal part to bend, often 
through an angle of above 180 degrees. 

Astonishing as is this result, there is no sound reason 
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why we should reject it as incredible. I'rof. Bonders, 
of Utrecht, informs me that from experiments formerly 
made by him and Dr. De Euyter, he inferred that less 
than the one-millionth of a grain of sulphate of atro- 
pine, in an extremely diluted state, if applied directly 
to the iris of a dog, paralyses the muscles of tliia organ. 
But, in fitct, every time that we perceive an odour, we 
have evidence that infinitely smaller particles act on 
our nerves. When a dog stands a quarter of a mile to 
leeward of a deer or other animal, and perceives its 
presence, the odorous particles produce some change in 
the olfactory neiTCS ; yet these particles must be in- 
finitely smaller • than those of the phosphate of am- 
monia weighing the one-twenty-millionth of a grain. 
These nerves then transmit some influence to the brain 
of the dog, which leads to action on its part. With Dro- 
aera, the really marvellous fact is, that a plant without 
any specialised nervous system should be affected by 
such minute particles; but we have no grounds for 
assuming that other tissues could not be rendered as 
exquisitely susceptible to impressions from without if 
this were beneficial to the organism, as is the nervous 
system of the higher animals. 



■ My Bon, George Ditrwin, has from j ni ni i to ■m'sinr of an inch 

calculated for mo the dianLeter of — in diameter. Therefore, an ob- 

a sphere of pboBphato of aiiiaionia ject helween ^ and Vr of tbe 

(specific gravity 1*678), weigh- size of a sphere of the phoB- 

iog the om^'twcDty-milUantli of phate of ammonia of the nbove 



a grain, and fiiids it to be iJn of 
&D inob. Now, Dr. Klein informa 
tne that the Bmalleat Miciocorci, 
which are distinctly discernible 
under a power of 81 4) diameters, 
are esticnated to be from 0002 to 
'0003 of e. millimetre — that is. 



power ; and no ooe supposea 
thut odoroua particles, such on 
those emitted from the deer in 
the aboTe illuslr&tion, could be 
seen under any power of the mi- 
croscope. 
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pntAseiDiD, and other nIkaliDe, earthj. and metallia D 
Bults — Simimur; on the action of these suite — VmlouB aoids — 
Suminary on tlicic Actios. 

Havinq found that the salts of ammonia were so 1 
powerl'ul, I was led to investigate the action of some | 
other salts. It will be convenient, flrstj to give a list 
of the substances tried (including forty-nine salts and 
two metallic acids), divided into two columns, showing 
those which cause inflection, and those which do not 
do so, or only doubtfiilly. Jly experiments wore made 
by placing half-minim drops on the discs of leaves, or,' 
more commonly, by immersing them in the solutions ; 
and sometimes by both methods. A summary of the i 
results, with some concluding remarks, will then be 
given. The action of various acids will afterwards be 
described. 



iAiranged i 



Qroiipa aeeordittQ to the Otemi'cal Claiurijiealiim in TTe 
'Dictionary of CheniidTy') 

Potassium carbonBite : slowly pat 



Sodium oarbaoate, rapid infleo- 
Sodium nitrate, rapid inflection. 

Sndium sulphate, moderately 

rapid inlltctinn. 
brHliiuu phoHphute, very rapid iu- 

fluotiou. 
Sodium oitrate, rvpid inSeotion. 
Sodium oxiklule, rapid inUection. 
BiHlinm chloride, raoderatelyiapid 

infleotioii. 



Potassium nitrate : somewhat pot , 

Potiusiuni sulphate. 
rotOBsimn phosphate. 
Fotassiuiu citrate. 
PotaBsinm chloride. 
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Salts gaubixo Inflection. 

{Arranged in Chroupa according to 

* Dictionary 

Sodium iodide, rathor slow inflec- 
tion. 

Sodium bromide, moderately rapid 
inflection. 

Potassium oxalate, slow and 
doubtful inflection. 

Lithium nitrate, moderately rapid 
inflection. 

Cassium chloride, rather slow in- 
flection. 

Silver nitrate, rapid inflection: 
quick poison. 



Salts not causing Inflection. 

the Chemiccd Clas9ification in Watts' 
of CJiemistry,* 

Potassium iodide, a slight and 

doubtful amount of inflection 
Potassium bromide. 



Lithiimi acetate. 
Bubidium chloride. 



Cadmiimi chloride, slow inflection. 
Mercury perchloride, rapid inflec- 
tion : quick poison. 



Calcium acetate. 
Calcium nitrate. 

Magnesium acetate. 
Magnesium nitrate. 
Magnesium chloride. 
Magnesium sulphate. 
Barium acetate. 
Barium nitrate. 
Strontium acetate. 
Strontium nitrate. 
Zinc chloride. 



Aluminium chloride, slow and Aluminium nitrate, a trace of in- 
doubtful inflection. flection. 
Gold chloride, rapid inflection : Aluminium and potassium bu1« 
quick poison. phat& 

Tin chloride, slow inflection : poi- Lead chloride, 
sonous. 



Antimony tartrate, slow inflec- 
tion : probably poisonous. 

Arsenious acid, quick inflection: 
poisoDOus. 

*ron chloride, slow inflection: 
probably poisonous. 

Chromic acid, quick inflection : 
highly poisonous. 

Copper chloride, rather slow in- 
flection : poisonous. 

Nickel chloride, rapid inflection : 
probably poisonous. 

Platinum chloride, rapid inflec- 
tion: poisonous. 



Manp:anese chloride 



Cobalt chloride. 



CuAT. TUL 

Sodium, CarhojiaU of (pure, given ttie by Prof. HofEinann). — 
Hair-miiiiinB ( 02% ml.) of a solution of one part to 318 of 
water (2 gra. to 1 oz.) were placed on the discB of twelve Icaives. 
Seven of tiiese became wuil inflttcted ; tliree had only two or 
three of their outer tentot^les iufleuted, and the remaining two 
were quite unaffected. But the dose, though only the ,in of a 
grain ("ISa mg.), waa evidently too strong, for tlirt* of the 
Boven weil-inflected leavea were killed. On tlie other hand, one 
of the eeven, which had only a tew tentacles inflected, re- 
expanded and eeemed quite healthy after 48 hra. By employing 
A weaker solution (viz. one part to 437 of water, or 1 gr. to 
1 oz.), doses of -f\-g of a grain ('0675 mg.) were given to tax 
leaves. Some of these were affected in Wl m. ; and in 8 hra. the 
outer tiuitacles of all, rh well as the blades of two, were c 
sidi;rably inflected. After 23 hre. 15 m. the tentaulea had I 
almost re-tipanded, but the blades of the two were atill just I 
perceptibly curved inwards. After 48 hrs. all six leavee were J 
fully re-espanded, and appeared perfectly healthy. 

Three leaves were immersed, each in tlurty minims of a sola- 
tion of one part to 875 of water (t gr. to 2 oz.), so that each 1 
received ^ of a grain (202 mg.); after 40 m. the three were I 
much affected, and after 6 hra. 45 m. the tentacles of all and ] 
the blade of one closely inflected. 

H/xlium, Nitiitie of' (pure). — Half-minims of a solution of o 
part to 437 of water, conluiuing ^J^ of a grain (-0675 mg.), 
were placed oa the discs of five leaves. After 1 hr. 25 m. 
tentacles of nearly all, and the blade of one, were somewhat 
inflected. The inflection continued to increase, and in 21 hrs. 
15 m. the tentacles and the blades of four of them were greatly 
affected, and tlie blade of the fifth to a slight extent. After aa 
additional 24 hrs. the four leaves still remained closely inflected, 
whilst the fifth was beginning to expand. Four days after the 
solution had been applied, two of the leaves had quite, and one 
had partially, re-expanded; whilst the remaining two remained 
closely inflected and appeared injured. 

Three leaves were immersed, each in thirty minims of a solu- 
tion of one part to 875 of water; in 1 hr. there was great inflec- 
tion, and after 8 hrs. 15 m. every tentacle and the Llades of all 
three were most strongly inflected. 

Ho'liam, .Sui/ihute of. — Hulf-minims of a solution of one part 
to 487 of water were placed on the discs of six leaves. After 
5 brs. 80 m. the tentacles of three of them (with the blade of 
one) were considerably, and those of the other three slighlly. 
inflected. After 21 bra. the inflection had a little decreoMjil, 
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and in 45 hrs. the leaves wore fullf expanded, appearing qnita 1 
heallhy, 

Tlireo leavoa were immefBed, each in thirty minims of a boIq- ] 
tiou of otjQ part of ilie sulpli&tQ to B75 uf nat^r; after 1 hr. I 
30 Di. there was sorae inflection, wliich increased so much that I 
in a hre. 10 m. all the tentacles and the blades of all three leaves j 
were closoly infiected. 

iSo'lium, Phoiphatt of. — Httlf-minims of a solation of one part I 
to 437 of natet were placed on the diecs of six [eaves. The ] 
solution acted with extraoidinarj rapidity, for in 8 m. the outer I 
tentacles on several of the leaves were much incurved. After | 
6 brs. the tentacles or all six leaves, and the hlades of two, ' 
closel? inflected. This state of things continued for ^4 hrs., ] 
excepting that the blade of a third leaf became incurved. After j 
4S his. all the leaves re-expanded. It ia clear that ^^ of a I 
grain of phosphate of soda has great power in causing in- J 
flection. 

iSoi/ium, f'itratB of. — Hdlf-minims of a solution of one part to I 
437 of water were placed on the discs of six leaves, but t' 
were not observwl until 22 hrs. had elapsed. The gnb- 
marginal tentacles of five of them, and the blades of four, v 
then found inflected ; but the outer rows of tentacles were not 
affected. One leaf, which appeared older than the others, was 
very Utile affected in any way. After 46 hrs. four of the leaves 
were almost ro-expandiid, including their blades. Throe leaves 
were also immersed, each in thirty minims of a solution of one 
part of the citrate to B75 of water; they wore mnch acted 
on in 25 m. ; and after 6 hrs. 35 m. almost all the jentaclea, 
inchidiog those of the outer rows, were inflected, but not the 
blades. 

todiiim, O^nht'^ of. — Half-minims of a solution of one part to 
4S7 of water were placed on the discs of seven leaves; after 
5 hrs. 30 m. the tentacles of all, and the blades of most of them, 
were much affected. In 23 hrs., besides the inflection of the 
tentacles, the blades of all seven leaves were so much doubled 
over that their tips and bases almost touched. On no other 
occasion have I seen the blades so strongly affected. Three 
leHves were also immersed, each in thirty minims of a solution of 
one part to H7o of water ; after 30 m. there was much inflection, 
and after 6 hrs. 35 m. the blades of two and the tentacles of all 
were closely inflected. 

Sixliwn, Chloride of (best culinary salt).— Half minims of k 
(olution of one part to 218 of water were placed on the diau 
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of Tonr leaves. Twu, apparently, were not at all liffpcted in 
48 hrs. ; the third bad its tentacles slightly inflected; whilst 
the fourth had almost all its tentacles inflected in 'M lirs., and 
these did not hegin to ro-expand nntil the fourth day, and were 
not perfectly expanded on tho seventh day. I pri.««we that 
this loaf was injured by the salt. Half-minims of a iveaktir 
solution, of one part to 4.37 of water, wero tben iiropi«d on the 
discs of six leaves, bo that each received ^J^; of a grain. In 
1 hr. S3 m. there was slight inflection ; and after 5 hra. 30 m. 
the tentacles of all six leaves were considerahly, but not closely, 
iuSected. After 23 hra. 15 m. all hod completely re-expanded, . 
and did not appear in the least injured. 

Three leaves were immersed, eOioh in thirty minims of a solu- 
tion of one part to 875 of water, so that each received ^ of a 
grain, or 2'02 mg. After 1 hr. there was much inflection; 
after 8 hrs. 30 ra. all the tentacles and the blades of all three 
were closely inflected. Four other leaves were also immersed 
in the solution, each receiving tho same amount of salt 
as before, viz. 5^ of a grain. They all soon became inflected ; 
after 48 hra. they began to re-eicpand, and appeared quite un- 
injured, thoagh the solutloa was stiiGciently strong to taste 
saline. 

Sodium, laiidi: of. — Half-minims of ft solation of one part to 
437 of water were placed on the discs of sis leaves. After 
24 hrs. four of them had their hiades and many tentacles in- 
flected. The other two had only their submarginal tentacles 
injected; the outer ones in most of the leaves being but Uttle 
affected. After 46 hrs. the leaves had nearly re-eapanded. 
Three leaves were Also immersed, each in thirty minims of a 
solution of one part to 875 of water. After 6 hrs. 30 m. almost 
all the tentacles, and the blade of one leaf, wei'e closely inflected. 

fiaiium. Bromide of. — Half-minims of a solution of one part to 
437 of water were placed on six leaves. After 7 hrs. there wSs 
some inflection ; after 22 hrs. three of the leaves had their blades 
and most of their tentacles inflected ; the fourth leaf was very 
slightly, and the fifth and sixth hardly at aU, affected. Three 
leaves were also immersed, each in thirty minims of a solution 
of one part to 875 of water; after 40 m. there was some inflec- 
tion ; after 4 hrs. the tentacles of all three leaves and the blades 
of two were inflected. These leaves were thtn placed in water, 
and after 17 hrs, 30 m. two of them wore almost completely, 
iind the third partially, re-expanded ; so that apparently they 
nere not injured. 
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FolaMlum, CaThmate qf (pare). — Half-mir 
of one part to 437 of water were placed o 
effect was iffwliiced in 24 hrs.; bat after 48 hrs. EOtnG of t^e 
leaves had their tenlack'S, and one Ihe blade, considerably 
inflected, Tlu's, hovrever, Beemed the result of their being in- 
jured ; for on the third day after the nohition was given, three of 
tilt) leaves were dead, and one wa^ very unhealthy ; the other 
two were recovering, but with several of their tentacles appa- 
rently injured, and these remained porniaJiently infiected. It 
IB eviditnt that the ^^ of a grain of this salt acte as a poison. 
Three leaves were alRO immereed, each in thirty minims of a 
solution of one part to 875 of water, though only for 9 hrs. ; and, 
very diEfurently from what occurs with the salts of soda, no 
inflection ensued. 

Potmium, Nilraie of. — naif-minims of a strong Bointion, of 
one part to 109 of water (4 pra. to 1 o?..), were placed on the 
discs of fmir leaves ; two were much injured, but no inflection 
ensued. Eight leaves were treated in the same manner, witb ■ 
drops of B weaker solution, of one piirt to 218 of water. Afte» j 
60 hrs. there was no inflection, but two of the leaves seemed iit> * 
jiired. Five of these leaves were suhsoquently tested with dropn 
of milk and a soluliou of gelatine on their discs, and on!y one 
becunie inflected ; so that the solution of the nitrate of the 
above strength, acting for 60 hrs., apparently had injured or 
paralysed the leaves. Six leaves were then treated in the same 
manner with a still weaker solution, of one part to 487 of water, 
and these, after 48 hrs., were in no way affected, with the excep- 
tion of perhaps a single leaf. Three leaves were nest immer-ed 
for 23 hrs., each in thirty minims of a solution of one part to 
875 of water, and this produced no apparent effect They were 
then put into a solution of one part of carbonate of ammonia, 
to 218 of water; the glanda weie immediately blackened, and 
after 1 hr. there was some inflection, and the protoplasmic con- 
tents of the cells became plainly at-'gregated. This shows that 
tlie leaves had not liecn much injured by their immersion for 
25 hrs. in the nitrate. 

i'aiusii'um, Siil/'liaie •>/. — Half-minims of a solution of one part 
to 437 of water were placed on the discs of six leaves. After 
iiO hrs. 30 m. no effect was produced ; after an additional 24 hrs. 
three remained quite unaffeBted ; two seemed injured, and the 
tixth seemed almost dead with its tentacles inflect«d. Never- 
thuliss, after two additional days, all sis leaves recovered. The 
Immeri-ion of three leaves for 21 hrs., each in thirty minims of 
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a solutinn of one p»rt to 875 of water, produced no apparent I 
effect. They were then treated with the eame Holntidn of car- 
bonate of ammonia, with the Game reault as in the case of the 
nitrate of potash. 

Fotansium, Flioi'plinlf o/'.^ Half-minims of a sohition of one 
part to 437 of water were placed on the discs of six leaves, 
which were observod duriug three days ; but no effect was pro- 
duced. The partial drjing np of the flnid on the disc slightly 
drew together the tentaclea on it, as often oocurB in esperi- 
ments of this kind. The leaves on the third day appeared quits 
healthy. 

Potassium., Citrate o/:— Half-minims of a solution of one part 
to 437 of water, left on the disca of ais leaves for three days, 
and the immersion of three leaves for 9 hrs., each in 30 minima 
of a solution of one part to 875 of water, did not produce the 
least effect. 

Foiassiara, Oxalife of. — Hnlf-minima were placed on different 
occasions on the discs of seventeen leaves ; and the results pt r- 
pleied me much, as they atil! do. Inflection supervened very 
slowly. After 24 hrs. four leaves out of the seventeen were well 
inflected, together with the hladea of two; six were slightly 
affected, and seven not at all. Three leaves of one lot were 
ohaerved for five days, and all died; hut in another lot of 
six, all excepting one looked healthy after four days. Three 
leaves were immersed during 9 hra., each in SO minims of 
a solution of one part to b75 of water, and wore not in the 
least affected; but they ought to have been observod for a 
longer time. 

i'o'aBsium. ChloH'le of. Neither half-minim.': of a solution of 
one part to 487 of water, left on the discs of six leaves for three 
days, nor the immersion of three leaves during 25 hrs., in 
30 minims of a solution of one part to 875 of water, produced 
the least efiect. The immersed leaves were tlien treated with 
carbonate uf ammonia, as described under nitrate of potash, and 
with the same result. 

I'olimlum, lo-tide u/.^Ualf-minims of a solution of one part 
to 437 of water were placed on the discs of sevun leaves. In 
30 m. one leaf had the blade inflected ; after some hours three 
loaves had most of their snbmarginal tentacles moderately in- 
fleot-ed ; the remaining ttaroo lieing very slightly affected. 
Hardly any of these leaves had their outer tentaclea inflected. 
After 21 hrs. all re-expanded, excepting two which still had a 
few snbmaigtnal tentacles inflected. Throe leaves were next 
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immersed for 8 hrs. 40 m., each in 30 minims of a solution of 
one part to 875 of water, and were not in the least affected. I 
do not know ^hat to conclude from this conflicting evidence ; 
but it is clear that the iodide of potassium does not generally 
produce any marked effect. 

Fotassiurn, Bromide of, — Half-minims of a solution of one part 
to 437 of water were placed on the discs of six leaves ; after 
22 hrs. one had its blade and many tentacles inflected, but I 
suspect that an insect might have alighted on it and then 
escaped; the five other leaves were in no way affected. I 
tested three of these leaves with bits of meat, and after 24 hrs. 
they became splendidly inflected. Three leaves were also im- 
mersed for 21 hrs. in 30 minims of a solution of one part to 875 
of water ; but they were not at all affected, excepting that the 
glands looked rather pale. 

Lithium^ Acetife of. — Four leaves were immersed together in 
a vessel containing 120 minims of a solution of one part to 437 
of water ; so that each received, if the leaves absorbpd equally, 
■jL of a grain. After 24 hrs. there was no inflection. I then 
added, for the sake of testing the leaves, some strong solution 
(viz. 1 gr. to 20 oz., or one part to h750 or water) of phosphate 
of ammonia, and all four became in 30 m. closely inflected. 

Lit hi amy Nit rate of. — Four leaves were immei*sed, as in the 
last case, in 120 minims of a solution of one part to 437 of 
water ; after 1 h. 30 m. all four were a little, and after 24 hrs. 
greatly, inflected. I then diluted the solution with some 
water, but they still remained somewhat inflected on the third 
day. 

Ccesium, Chloride of. — Four leaves were immersed, as above, in 
120 minims of a solution of one part to 437 of water. After 
1 hr. 5 m. the glands were darkened ; after 4 hrs. 2 J m. there 
was a trace of inflection ; after 6 hrs. 40 m. two leaves were 
greatly, but not closely, and the other two considerably inflected. 
After 22 hrs. the inflection was extremely great, and two had 
their blades inflected. I then transferred the leaves into water, 
r.nd in 46 hrs. from their first immersion they were almost re- 
expanded. 

RuhiiHum^ Chloride of. — Four leaves which were immersed, as 
above, in 120 minims of a solution of one part to 437 of water, 
were not acted on in 22 hrs. I then added some of the strong 
solution (I gr. to 20 oz.) of phosphate of ammonia, and in 30 m. 
all were immensely inflected. 

Silver^ Nitrate of, — Three leaves were immersed in ninety 
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mtninia of a Eolution of one part to 437 of water; eo that each]] 
referred, as before, -^^^ of a e^^- After 5 m. alight inflection, 
and after 11 m. very etrong inflection, the glands becoming 
exceasiveljr black ; after 40 m. al! tlie tenloclcB were dosely 
iiifloctod. After G hrs. the lenves were taken out of the Bolntion, 
washed, and placed in water ; but nes:t morning thoy werftjj 
eyidently dead. 

''alcium.Ait'tde o/. —Four Icnvea were immersed in I'JOir 
of a solution of one part to 437 of water; after 24 hrs. a 
the tentacles were inflected, excepting a few where the blade 
joined the petiole ; and this mn; have been canned by the 
absorption of the salt by the cut-off cud of the petiole. I then 
added some of the solution (1 gr. to 20 oz.) of phoapate 
ammonia, buL this to my surprise excited only sUghb inflectdoiuJ 
even after 24 hrs. Hence it would appear that the acetate hadf 
tendered the leaves torpid. 

Cjiciitm. Nitrate nf. — Four leaves were immersed tn ISOmiuimsfl 
of a solution of' one part to 437 of water, bnt were not flflect«('f 
in 24 hrs. I then added some of the solutiou of phosphate o(a 
ammonia (1 gr. to 20 oz.), but this caused oniy very slight ii 
flection alter 24 bra. A fresh leaf was next put into a 
solution of the above strengths of the nitrate of calcium and 
phosphate of ammonia, and it became closely inflected in between 
5 m. and 10 m. Halfminiraa of a solution of one part of the 
nitrate of calcium to 218 of water were dropped on tlie disca of | 
throe leaves, but produced no effect. 

Magiimium, Ar-et li'. Nitrate, and Cl'Uir-idf n/,— Four loaves were \ 
immersed in 120 minims of solotions, of one part to 437 of water, 
of each of these three salts ; after 6 hrs. there was no inflection; 
but after 22 hrs. one of tlie leaves in the acetate was rather m 
infiectod than generally occurs from an immersion for this 
length of time in water. Some of the solution (1 gr. to 20 oz.) 
of phosphate of ammonia was then added to the three eolutionB. 
The leaves in the neotato mixed with the phosphate underwent 
some inflection; and this was well pronounced after 24 hrs. 
Tlioao in the mised nitrate were decidedly inflected in 4 hrs. 
30 ra., but the depree of inflection did not afterwards much 
increa™ ; whereas the four leaves in the mixed chloride were 
greatly influctod in a few minutes, and aftt'r 4 bra. had aimoat 
every tentacle closely inflected. We thus see that the acetate 
and nitrate of magnesium injure the leaves, or at least prevent 
the subsequent action of phosphate of ammom'a; whereas the 
chloride has no such tendency. 
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MofineMum, Sulphate pf. — Half-minims of n fwlution of one part 
to 318 of water were placed on the discs of ten leaves, anil pto- 
dueed DO effect. 

IlariU'ii, -^^.■e'u('■ //. — Four leavoB were imniersed in 120 minima 
of a solution of one part lo 437 of wattr, and after 22 hra. there 
was no inflection, but the glands were blackoned, Tlie leaves 
were then placed in a solatioD (1 gr. to 20 oz.) of phosphate o( 
nmmonia, whicii caused after 36 his. ontf a littlo iufluction in 
two of the leaves. 

Barium, Nitnile of. — Four leaves were immerBed in 1'20 minims 
of B solutioii of one part to 437 of water; and after 22 hrs. there 
was no mure than that slight degree of inflecCiou, which often 
follows from an immersion of tliis length in pure water, I 
then added some of the same eolntion of phosphate of ammonia, 
and after 30 m. ono leaf was greally inflected, two others 
moderately, and the fourth not at all. The leaves remained 
in this state far 24 hra. 

SUwUium, Aat'ile of. — Four leaves, immersed in 120 minims of 
a solution of one part to 437 of water, were not affected in 
22 hra. Thej* were then placed in same of the same solution 
of phosphate of ammonia, and in 25 m. two of tliem were 
greatl; infiected ; after 8 hrs. Uie third leaf was considerably 
inflected, and the fourth eshibitwl a trace of inflection. They 
were in the same state next morning. 

Strontium, MiTOte o/'.— Five leaves were immersed in 191) 
minims of a solution of one part to 437 of water; after 22 hrs, 
there was some slight iufleetion, bnt not more than sametlmes 
occurs with leaves in water. They were then placed in the 
eame solution of phosphate of ammonia; after 8 hrs. three of 
them were moderately inflected, as were all five after 24 hrs. ; 
but not one was closely inflected. It appears that the nitrate of 
strontium renders the leaves half torpid. 

Cadmium, Ckluride qf.—Tbiee leaves were immersed in ninety 
minima of a solution of one part to 487 of water; after G hrs. 
20 m. slight inflection occurred, which increased daring the 
next three hours. After 24 hrs. all three leavea had their 
tentacles well inflected, and remained so for an additional 24 
hra. ; glands not disoolooted. 

Mcreitry, fcrc/iloride of, — Three leaves were immersed in ninety 
minims of a sohition of one part to -137 of water ; after 22 m. 
there was some slight inflection, which in 48 m. became well 
pronounced ; the glands were now blackened. After 5 hrs, 
lis m. all the tentacles closely inflected ; after 24 hrs. still 



184 



DKOSEBA HOTUNDIFOLIA. Oh4P. VlUil 



inflected and diecolonred. The lenses were then renioTed and 
left for two dnys ia water ; bnt they neyer re-cspanded, being 
eyidentlj dead. 

Zinc, CMini'le of. — Three leaves immersed in ninety minimB 
of a Bolntion of one part to 437 of waljjr were not ftffaeted in 
25 hra. 30 m. 

Alitmmiufn, Chloride nf. — Four leaves were jmnierBed in 120 
minima of a solution of one part to 437 of water; after 7 hre, 
45 m. so infiecMoD ; after 24 hra. one leaf rather closely, th* i 
second moderately, the third and fourth hardly at all, inflected. ■M 
The evidence is doubtful, bat I think some power in slowlj* ■ 
causing infieotion most be attributed to this salt. These leaveB ^ 
were then placed in the solution (1 gr. to 20 oa,) of phosphate 
of ammonia, and after 7 hrs. 30 m. the three, which had been 
bat little affected by the chloride, became rather closely in- 
fiocted. 

Alumivhim, Nitrate a/.— Four lenvp-a were immersed in 128 I 
minima of a solution nf one part to 437 of water; after 7 hiB.H 
45 m. there was only a trace of inflection ; after 24 hra. one leat'l 
was moderately inflected. The evidence is here again d'lublfnl, , 
as in the ciw» of the chloride of aluminium. The leaves were 
then transferred to the same solution, as liefore, of phosphate of 
ammonia ; this prodncad hardly any effect in 7 hrs. 30 m. ; but 
after il5 hrs. one leaf was pretty closely inflected, the three 
others very slightly, perhaps not more so than from water. 

Aluminium aM Fotasnium, Siilp/icUe of (common alum).— Half-^ 
minima of a solution of the usual stren^h were placed o 
discs of nine leaves, bnt produced no effect. 

Oolil, Chloride of, — Seven leaves were immersed in so much of 
B, solution of one port to 437 of water that each received 
SO minims, containinK Vs of a grain, or 4048 mg., of the chloride. 
There was some inflection in 8 m., which became eitreme in 
45 ra. In 3 hrs, the surrounding fluid was coloured purple, and 
the glands were blackened. After 6 hra. the leaves were trans- 
ferred to water ; next morning they were found discoloured and 
evidently killed. The secretion decomposes the chloride very 
readily; the glamla themselves becoming coated with the 
thinnest layer of metallic gold, and particles fioat attout on 
the surface of the surrounding fluid. 

Lead, Chloride of. — Three leaves were immersfd in ninety 
minims of a solution of one part to 437 of water. After 23 hra, 
there was not a trace of inflection ; the glands were not blackened, 
and the leaves did not appear ii^ured. They were then trans- 
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Ibrred to the solution (1 gr. to 20 oz.) of phoaphate of uromonia, 
«i)d after 24 hrs. two of them waca BoniewiiiLt, tlie tliird very 
little, inflooted; and the? thtis remained for anotbtir 31 bra. 

'Jin. Chloride q/".— Four leaves were immerwd in 120 ininiina 
of a solution of about one part (all not bein>! dl>iBolred} to 4ij7 of 
water. After 4 hra, no effect; after 6 hrs. 30 m, all four leavss 
faad their sabmni^nal teatacles injected j after 22 hrs. everj 
fdngte tentacle and the blodos vere closet; inflected. The enr- 
xounding fluid was now coloured pink. The leaves were washed 
and transferred to water, but noit morning were evidently dead. 
This chloride is a deodlf pofsoti, but acts slowl;. 

Antimmiy, TnHrnte (/. — Three leaves were immersed in ninolj 
minima of a solnUon of one part to 431 of water. Afl«r 8 brs, 
30 m. there was slight inflection; after 2i bra. two of the leaves 
were eloscl;, and the third moderatel;, inflected ; ^landa not 
much darkened. The leaves were washed and placed in wat«r, 
bot they remained in the same state for 48 additional honrs. 
This salt is probably poisonous, but acts slowly. 

ArtniiBus Acvl. — A solution of one part to 437 of water ; three 
leaves were immersed in ninety minims; in 2.j m. conaidemble 
inflection ; in 1 b. great inflection ; glands not discoloured. After 
G hrs. the leaves were transferred to water; ueit morning they 
looked fresh, but after four days were pale-coloured, had not 
re-eKpanded, and were evidently dead. 

/jon, Clil/T'd^. qf',— Three leaves were immersed in ninety 
minims of a solution of one part to 437 of water; in 8 brs. no 
inflection;' but after 21 hrs. considemble inflection; glands 
blackened ; fluid colonred yellow, with floating flocculent 
particles of oxide of iron. The leaves were then placed in 
water; after 48 hrs. ihey had re-expanded a very little, but I 
think were killed ; glands excessively blB<.'k. 

Vh-ntmic Acid. — One part lo 437 of water; three leaves were 
immersed in ninety minims; in 30 m. some, and in 1 hr. con- 
Giderable, inflection ; after 2 hnt. all the tentacles closely in- 
flected, with the glands discoloured. Placed in water, next 
day leaves quite discoloured and evidently killed. 

Maaganem, VhUiride of. — Three leaves immersed in ninety 
minims of a solution of one part to 437 of water ; after 22 hrs. 
no more inflection than often occurs in water; glands not 
blackened. The leaves were then placed in tlie usual solution 
of phosphate of ammonia, but no inflection was caused even 
aft«r 48 hrs. 

Oopper, CMoride nf. — Three leaves iromcrsed in ninety """"'"la 
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inflected nnd diswiloured. The leaves were then removBd 
left for two days in water ; bat they never ro-expanded, beii^; 
evidently dead. 

Zi'ie, Chlari'le of. — Three leaves immersed in ninety miniinS' 
of a, solution of one part to 437 of water ware not affected in 
25 hrs. 30 m. 

Ahiminiiim, Chloride n/.— Fonr leaves were immerped in 120 
minims of a solution of one part to 437 of water; afler 7 hra. 
45 m. no inflection ; after 24 hra. one leaf rather closely, the 
second moderately, the third and fourth hardly at all, inflected. 
Tlio evidence is donbtful, but I think eome power in slowly 
cansing inflection must be attributed to this Kalt. These leaves 
were then placed in the solution {1 gr. to 20 oz.) of phosphate 
of ammonia, and after 7 hrs. 30 m. the three, which had beaa 
but little affected by the chioriUe, became rather closely in- 
flected. 

Alitminiiim, Hiir'iU '/. — Four ieaves were immersed in 120 
minims of a solution of one part to 437 of water ; after 7 hrs. 
45 m. there was only a trace of inflection ; after 24 hra. one leaf 
was moderately inflented. The evidence is here again diubtful, 
as in the case of the chloride of aluminium. The leaves were 
tben transferred to the same solution, aa before, of phosphate of 
ammonia; this produced hardly any effect 
after 25 hra. one leaf was pretty closely inflected, the three 
others Tory slightly, perhaps not more so than from water, 

Mami:ium mnd I'olasaiam, BidphaU. nf (common alum).— Half- 
minims of a solution of the usi;al strength were placed on the 
discs of nine leaves, bnt produced no effect. 

OM, Cliloriih t,f. — Seven leaves were immersed in so mneh ot 
a solution of one part to 437 of water that e»Rh received' 
30 minims, containing -f^ of a grain, or 4'04H mg., of the chloride. 
There was some inflection in 8 m., which became extreme in 
45 m. In 3 hrs. the Rurrounding fluid was coloured purple, and 
the glands were blackened. After 6 hrs. the leaves were trans- 
ferred to water; next morning they were found discoloured and 
evidently killed. The secretion deonmtxiBee the chloride very 
readily; the glands themselves becorainK coated with the 
thinnest layer of metallic gold, and particles float about on 
the surface of the surrounding fluid. 

Lfo/l, ChloT'de o/.^ Three leaves were immersed in ninety 
mioims of a solution of one part to 437 of water. After 23 hrs. 
there was not a trace of inflection ; the glands were not blackened, 
and the leaves did not appear injured. They 
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forred to the solTition {1 gr. to 20 oi.) of phosphate of ammonift, 
&nd after 24 hrs. two of them were Bomawhat, the third 'very 
little, inflected; and Ihof thus roniaiiied for another 24 hra. 

Tin, Ghlvride o/.— Pour leaves were immerned in 120 minims 
of a Eolution of about one part (all nut being dissolved) to 437 of 
water. Aftor 4 hrs. uo cBect ; after 6 hrs. 30 m. all four leareB 
hiid their eubmarginal tentacles inflected ; after 22 hrs. evarj 
single tentacle and the blades were closel; infiected. The sur- 
roundini! fluid was now coloured pink. The leavea were washed 
and transferred to water, but next morning were evideutlj dead. 
This chloride is a deadly poison, but acts slowly. 

Artlimoitg, Tiirtriite if. — Three leaves were immersed in ninety 
minims of a solntion of one part to 437 of water. Aft«r 8 hrs. 
30 m. IJiere was slight inflection; after 24 hrs. two of the leaves 
were closely, and the third moderalely, inflected; glands not 
much darkened. The leaves were washed and placed in water, 
but they remained in the same state for 48 additional lioura. 
This salt is probably poisonous, but acts slowly. 

Arsetiioni AdA.^k. solution of one part to 437 of water ; throe 
loaves were imraersed in nineiy minims ; in 2ii m. conRiderahle 
inflection ; in 1 h. great inflection ; glands not discoloured. After 
6 hrs. the leaves were transferred to wat«r ; next morning they 
looked fresh, but after fnnr days were palo-coloured, haii not 
re- expanded, and were evidently dead. 

Iron, C'IduTidK o/. — Three leaves were immersed in ninety 
minims of a sohitton of one part to 437 of water ; in 8 hrs. no 
inflection;' but after 24 hrs. consideinble inflection; glands 
blackened; fluid coloured yellow, with floating flocculent 
particles of oxide of iron. The leaves were tlien placed in 
water ; after 48 hrs. they had re-expanded a very little, but I 
think were killed; glands excesaivcly black. 

Vh-nrmic Acid. — One part to 437 of water; three leaves wore 
immersed in ninety minims ; in 30 m. some, and in 1 hr. con- 
siderable, inflection ; after 2 hrs. all the tentacles closely in- 
flected, with the glands discoloured. Placed in water, next 
day leaves quite discoloured and evidently killed. 

Manganese, Uli/iTide of. — Three leaves immersed 
minims of a eolution of one part to 437 of water; after 22 hrs. 
no more inflectioa than often occnra in water; glands not 
blackened. Tlie leaves were then placed in the usual solution 
of phosphate of ammonia, but no inflection was caused c 
ftfter 48 hrs. 

Cp^er, C/iioride of. — Three leaves immersed in nil 
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of a Bolution of one part to 437 of water ; after 2 hrs. Bome infleo- I 
tion ; after 3 hrs. 45 m. tentacleB closely inflected, with the .' 
ginnds blackunid. After 22 lira, still closely iufli^cted, and tbo 
laivea flaccid. Placed in pure water, next day eTidcntly dead. 
A rapid poison. 

fJick-t, Chloride q/l^Three leaves immersed in ninety Tnininin 
of a solution of one part to 437 of water; in 2S in. considerable 
inflection, and in 3 hrs. all the tentacles closely inHected. After 
22 hrs. Etill closely inflected; most of the gtaud't, but not e~ 
blackened. The leaves were then placed in water ; after 24 hn 
remained inflected ; were somewhat discoloured, with the g' 
and tentacles dingy red. Probably killed. 

Cobalt, Chloride nf. — Three leayea immersed in ninety mi 
of a solution of one part to 437 of water; after 23 hra. thorft \ 
was not a trace of inflection, and the glands \ 
blackened than often occurs after an equally long ii 

Platiimm, Chloride o/.— Three leaves immersed 
minims of a solution ot one part to 437 of water ; in 
inflection, which became immense after 48 m. After 3 hrs. ths | 
glands were rather pala After 24 hrs. all the tentacles s 
closely inflected; glands colourless; remained in tianne state foi^ 
four days; leaves evidently killed. 

Concluding Remarks on the Action of the foregoinff 
SaJis.- — 0£ the fifty-one salts and metallic acids which 
were tried, twenty-five caused the tentacles to be in- 
flected, and twenty-six had no such effect, two rather 
doubtt'nl cases occurring in each series. In the table 
at the head of this discussion, the salts are arranged 
according to their chemical affinities ; but their action 
on Drosera does not seem to be thus governed. The 
nature of the base is far more important, as far as caii 
be judged from the few experiments here given, than 
that of the acid ; and this is the conclusion at which 
physiologists have arrived with respect to animals. 
We see this fact illustrated in all the nine salts of 
soda causing inflection, and in not being poisonous 
except when given in large doses; whereas sevea of 
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the corresponding salts of potash do not cause inflec- 
tion, and some of them are poisonous. Two of them, 
however, viz. the oxalate and iodide of potash, slowly 
induced a slight and rather doubtfnl amount of inflec- 
tion. This difference between the two series is inter- 
esting, as Dr. Burdon Sanderson informs me that 
sodium salts may be introduced in large doses into 
the circulation of mammals without any injurious 
effects ; whilst small doses of potassium salts cause 
death by suddenly arresting the movements of the 
heart. An excellent instance of the different action 
of the two series is presented by the phosphate of 
soda quickly causing vigorous inflection, whilst phos- 
phate of potash is quite inefficient. The great power 
of the former is probably due to the presence of 
phosphorus, as in the eases of phosphate of lime and 
of ammonia. Hence we may infer that Drosera cannot 
obtain phosphorus from the phosphate of potash. This 
is remarkable, as I hear from Dr. Burdon Sanderson 
that phosphate of potash is certainly decomposed 
within the bodies of animals. Most of the salte of 
Boda act very rapidly ; the iodide acting slowest. The 
oxalate, nitrate, and citrate seem to have a special 
tendency to cause the blade of the leaf to be inflected. 
The glands of the disc, after absorbing the citrate, 
transmit hardly any motor impulse to the outer 
tentacles ; and in this character the citrate of soda 
resembles the citrate of ammonia, or a decoction of 
grass-leaves ; these three fluids all acting chiefly on 
the blade. 

It seems opposed to the rule of the preponderant 
mfluence of the base that the nitrate of lithium 
causes moderately rapid inflection, whereas the acetate 
causes none ; but this metal is closely allied to sodium 



188 



DKOSEBA ROTUNBIFOLIA. 



Chap. VII 



and potassium," which act so differently ; therefore^ 
we might expect that ita action would be inter- 
mediate. Wo sl'C, also, that cresium causes inflection, 
and rubidiuDi does not; and these two metals are 
allied to sodium and potassium. Most of the earthy 
Baits are inoperative. Two salts of calcium, four of 
magnesium, two of barium, and two of strontium, did 
not cause any inflection, and thus follow the rule of 
the preponderant power of the base. Of three salts 
of aluminium, one did not act, a second showed a 
trace of action, and the third acted slowly and doubt* J 
fully, BO that their effects arc nearly alike. 

Of the salts and aciJs of ordinary metals, seventeen I 
were tried, and only four, namely those of zinc, lead,! 
manganese, and cobalt, failed to cause inflection. The | 
salts of cadmium, tin, antimony, and iron, act slowly ; 
and the three latter seem more or less poisonous. Tha I 
gaits of silver, mercury, gold, copper, nickel, and I 
platinum, chromic and araenious acids, cause great ] 
inflection with extreme quickness, and are deadly 
poisons. It is surprising, judging from animals, that 
lead and barium should not be poisonous. Most of the 
poisonous salts make the glands black, but chloride of 
platinum made them very pale. I shall have occasion, 
in the next chapter, to add a few remarks on the dif- 
ferent effects of phosphate of ammonia on leaves pre- 
viously immersed in various solutions. 



Acids. 

I will first give, as in the case of the salts, a list 
of the twenty-four acids which were tried, divided into 
two series, according as they cause or do not cause 
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inflection. After describing the experiments, a few 
concluding remarks will be added. 



Acids, much niLrTED, which cause 
Inflection. 

1. Nitric, strong inflection ; poi- 

sonous. 

2. Hydrochloric, moderate and 

slow inflection ; not poisonous. 

3. Hydriodic, strong inflection; 

poisonous. 

4. Iodic, strong inflection; poi- 

sonous. 

5. Sulphuric, strong inflection ; 
somewhat poisonous. 

6. Phosphoric, strong inflection ; 
poisonous. 

7. Boracic, moderate and rather 
slow inflection; not poisonous. 

8. Formic, very slight inflec- 
tion ; not poisonous. 

9. Acetic, strong and rapid in- 
flection ; poisonous. 

10. Propionic, strong but not very 
rapid inflection ; poisonous. 

11. Oleic, quick inflection; very 
poisonous. 

12. Carbolic, very slow inflection ; 
poisonous. 

13. Lactic, slow and moderate in- 
flection; poisonous. 

14. Oxalic, moderately quick in- 
flection ; very poisonous. 

15. Sialic, very slow but consider- 
able inflection; not poisonous. 

16. Benzoic, rapid inflection; very 

poisonous. 

17. Succinic, moderately quick 
inflection ; moderately poi- 
sonous. 

18. Hippuric, rather slow inflec- 
tion; poisonous. 

19. Hydrocyanic, rather rapid in- 
flection ; very poisonous. 



AcmS, DILUTED TO THE BAHB 

Degree, which do not oaush 
Inflection. 

1. Gallic ; not poisonous. 

2. Tannic ; not poisonous. 

3. Tartaric ; not poisonous. 

4. Citric ; not poisonous. 

5. Uric ; (?) not poisonouB. 



Nitric Add. — Four leaves were placed, each in thirty minims 
of one part by weight of the acid to 437 of water, so that each 
received -5!^ of a grain, or 4*048 mg. This strength was chosen 
lor this and most of the following experiments, as it is the same 



190 



DBOSEKA ROTUNDIFOLIA. 



osfcp. vn 



ta that of meet of the foregoing saline solutions. In 2 hrs. 30 M 
Bome of the leaves were considerably, and in 6 hra. 30 m. all 
were immenselj, inSectod, bh were their blades. The sBtronnd- 
ing fluid was Elightly coloured pink, which always shows that 
the leaves have been injured. They wore then left in woter for 
three days; hut they reuained inftocted and were evidently 
killed. Most of the glands hod become colourless. Two leaves 
wore then immersed, each in thirty mininis of one part to 1000 
of water ; ia a few hours there was some inflection ; and after 
2i hra. both leaves had almost alt their tentacles and blades in- 
flected ; they were left in water for throe days, and one partially 
re-enpanded and recovered. Two leaves were next immeraed, 
each in thirty minims of one part to 20ll0 of water ; this pro- . 
duced very little effect, except that most of the tentacles close J 
to the summit of the petiole were inflected, as if the acid had I 
been absorbed by the cut-offend. 

Hydro' loric Acid. — One part to 437 of water ; four leaves were ' 
immersed as before, each in tliirty minims. After 6 hrs. only 
one leaf was considerably inflected. After 8 hrs. 15 m. one ' 
its tentacles and blade well inflected ; the other three ^ 
moderately inflected, and the blade of one shgbtly. The 
surrounding fluid was not coloured at all pink. After 25 hrs. 
thrpe of these four leaves began to re-expand, but their glands 
were of a pink instead of a red colour ; after two more days 
they fully re-expanded; but the f lurth leaf remained inflected, 
and seemed much jajured or killed, with its glands white. 
Fonr leaves were then treated, each with thurty minims of one ■pari 
to iiT5 of water ; after 21 hrs. they were moderately infleoted ; 
and on being transferred to water, fully re-espanded in twodays, 
and seemed quite healthy. 

llylriuiiic Acid. — One to 437 of water; three leaves were im- 
mersed as before, each in thirty minims. After 45 m. the gknds 
were discoloured, and the surrounding fluid became pinkish, but 
there was no inflection. After 5 hrs. all the tentacles were 
closely inflectifli; andanimmenseamonnt of mncus was secreted, 
so that the fluid could be drawn oui into long ropes. The leaves 
were then placed in water, but never re-espanded, and were evi- 
dently killed. Four leaves were next immersed in one part to 875 
of water ; the action was now slower, but after 22 hrs. all fonr 
leaves were closely inflected, and were affected in other respects 
as alwve described. These leaves did not re-esjwnd, thougli 
loft for four days in water. Tliis acid acts far more powerfully 
than hydrochloric, and is poisonous. 

Iodic Acid. — One to ■137 of water ; three leaves were immersed. 
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each in thirty minima ; after 3 hra. strong inflect ion ; after 4 hra. 
glands dark bruws; after 8 Lrs. 30 ra. close inflection, and the 
leaves had become flaccid; surrounding fluid not coloured pink. 
Thene leaves were then placiid in water, and next day wc 
evidently dead. 

bulj'huric JeW,— One to 437 of water; four leaves were ii 
mersed, each in thirty minims; aft«r i hrs. great inflectiaa; 
after b hrs. surrouiiding fluid just tinged pink ; they were then 
placed in water, and after 46 hrs. two of them were still closely 
inflected, two beginning to re-expand ; many of the glands 
colonrlesB. This acid ia not bo poisonous us hjdriodic or iodic 

fhotplioric Acid. — One to 437 of water ; three leaves were 
immersed together in ninety minims; after 5 hr^ 30 I 
inflection, and some glands colourless; after 8 hrs. all the 
tentacles closely inflected, and many glands colourless ; surronod- 
■ ing fluid pink. Left in water for two days and a half, remained 
ia the same state and appeared dead. 

Boracio Acid. — One to 437 of wat«r; four leaves were im- 
mersed tf^ether in 120 minims ; after 6 hrs. very slight inflection ; 
after 8 hre. 15 m. two were considerably inflected, the other two 
elightly. After 24 hrs. one leaf was rather closely inflected, 
the second less closely, the third and fourth moderately. The 
leaves 'were washed and put into water; after 24 hrs. they 
vere almost folly le-expanded and looked healthy. This acid 
agrees closely with hydrochloric acid of the same strength in 
its power of causing inflection, and in not being poisonous. 

Furmic Acid.—¥ovi leaves were iromeraed together in 120 
minima of one part to 437 of water ; after 40 m. slight, and after 
6 hrs. 30 m. very moderate inflection ; after 22 hrs, only a little 
more inflection than often occurs in water. Two of the leaves 
were then washed and placed in a solution (1 gr. to 20 oz.) of 
phosphate of ammouia; after 24 hrs. they were coosiderably 
inflected, with the contents of their celis aggregated, showing 
that the phosphate had acted, though not to the full and 
ordinary degree. 

Aoelii: Acid. — Four Icoves were immersed together in 120 
minims of one part to 437 of water. In 1 hr. 20 m. the tentacles 
of all four and the blodosof two were greatly inflected. After 
8 hrs. the leaves had become flaccid, but still remained closely 
inflected, the surroundiog fluid being coloured pink. They were 
then washed and placed in water ; nest morning they were stilL 
inflected and of a very dark red colour, but with their glands 
colourless. After another iia,y they were dingy-ooloured, and 



I 



[92 



DnOSEEA EOTDNDIFOLIA 



avidontly dead. This acid is far more powerful than formic, and 
is highl; poisonous. Half-minim drops of a Btrongei mixture 
(Tie. one part by measure to 320 of water) were placed on the 
discs of 3ve leaves ; none of the eiterior tentacles, only those 
on the bordera of the disc which actually absorbed the acid, 
became inflected. Probably the dose was too strong and para- 
lysed the leaves, for drops of a weaker mixture caused much [ 
inflection; noTertbeless the leaves all died after two days. 

Propumie Acid. — Three leaves were immersed in ninety mil 
of a mixture of one part to 437 of water ; in 1 hr. 50 m. there | 
was no inflection; but after 3 hrs. 40 m. one leaf was greatly 
inflected, and the otlior two slightly. The inflection continued \ 
to increase, so that in 8 hrs. all three leaves were closely ii 
fleeted. Next morning, after 20 hrs., most of the glands were 
very pale, bat some few were almost black. No mucus had been 
secreted, and the eurroundiiig fluid was only just perceptibly 
tinted of a pale pink. After 46 hrs. the leaves became eUghtly 
flaccid and were evidently killed, as was afterwards proved to 
be the cose by keeping them in water. The protoplasm in the 
closely inflected tentacles was not in the least aggregated, bat 
towards their bases it was collected in little brownish masses at 
the bottoms of the cells. This protoplasm was dead, for on 
leaving the leaf in a solution of carbonate of ammonia, no 
aggregatiou ensued. Propionic acid is highly poisonous to 
Drosera, Uke its ally acetic acid, but induces inflection at a 
much slower rate. 

Ohic Acid (given me by Prof. Prankl and) .—Three leaves were 
immersed in this acid ; some inflection was almost immediately 
caused, which increased slightly, but then ceased, and the leaves 
seemed killed. Next morning they were rather shrivelled, and 
many of the glands had fallen ofi the tentacles. Drops of this 
acid were placed on the discs of four leaves; iu 40 m. all the 
tentacles were greatly inflected, excepting the extreme marginal 
ones; and many of these after 3 hrs. became inflected. I was 
led to try this acid from supposing that it wm present (which 
does not seem to be the case)* in olive oil, the action of which 
is anomalous. Thus drops of this oil placed on the disc do not 
cause the outer tentacles to be inflected ; yet when minute 
drops were added to the secretion surrounding the glands of the 
outer tentacloB, those were occasionally, but by means always, 
inflected. Two leaves were also immer^d in this oil, and there 
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waa no infleotioii for about 12 brs. ; but after 2S his. almost all 
tlie tentacles were inflected. Three leaves were likewise im- 
mersed in unboiled liaeecd oil, and rood liecame soroewbat, and 
in 3 hrs. grentlj, inflected. After 1 hr. the secretion round the 
glands was coloured pink. I infer from this lattejr fact tliat the 
power of linseed oil to causo infleetion cannot be attributed to 
the albumin which it is e&id to contain. 

farhoJic Acid. — Two leavea were immersed in uisty minima of 
a BolutioQ of 1 gr. to 437 of water; in 7 hrn. one was slightly, 
and in 2i brs, both were closely, inflected, with a surprising 
amoant of mucus secreted. Tliese leaves were washed and left 
for two days in water; the; remained inflected ; most of their 
glands became pale, and they seemed dead. This acid is 
poiaonoug, hut does not act nearij so rapidly or powerfully as 
might have been expected from ite known destructive power on 
the lowest organisms. Half -minims of the same solution were 
placed on the diacs of three leaves; after 24 hrs. no inflection of the 
onter tentacles ensued, and when bits of meat were given them, 
they became fiiirly well inflected. Again half-minims of a 
stronger solatios, of one part to 21ti of water, were placed on the 
discs of three leaves ; no inflection of the outer tentacles ensued ; 
bits of meat were then given as before ; one leaf clone became 
veil inflected, the discal glands of the other two appearing 
much injured and dry. We thus see tljat the glands of 
the discs, after absorbing this acid, rarely transmit any motac 
impulse to the ooler tentacles; though these, nhen their own 
glands absorb the acid, are strongly acted on. 

LnriH! .ilcic/.— Three leaves wore immersed in ninety minims of 
one part to 437 of water. After 48 m. there was no inflection, 
bnt the surrounding fluid was coloured pink; after 8 hrs. 
30 m. one leaf alone was a little inflected, aud almost all 
the glands on all three leaves were of a very pale colour. 
The leaves were then washed and placed in a solution (1 gr. 
to i^ oz.) of phosphate of ammonia; after about 16 hrs. there 
was only a trace of inflection. They were left in the phosphate 
for 48 hrs., and remained in the same state, with almost all 
their glands discoloured. The protoplasm within the cells 
was not aggrfgated, eicept in a very few tentaelee, the glands 
of wliich were not much discoloared. I believe, therefore, 
that almost all the glands and tentacles had been killed by 
the acid so snddenly that hardly any inflection was caused. 
Four leaves were nest immersed in 130 niiniros of a weaker 
solution, of one part to 875 of water ; after 2 hra. 30 m. the 
aurrounding fluid was quite pint; the glands were palo, but 
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there was no inflation ; aflor 7 hre. 30 m. two of the lenvea 
ehciwed some iiifluction, ami the glands were niniost white; 
after 21 hrs. two of the leaTes were consJUera)'!; inflected, 
find a third Klit;htly; most of the (;1auds were white, the others 
darh red. After 4J hrs. one luaf hod nlrnost every tentacle in- 
flected; a eeconda large nniaber; the third and fourth very few; 
Blmottt all the glands were white, excepting thow on the discs of 
two of the leaves, and mnnj of these were very dark red. The 
leaves appeared dead. Hence lactic acid acta in a very pecnSiar 
niaiiner, causing inflection at an extraordinarily slow rate, and 
U'iug highly poisonous. Immersion in even weaker solutions, 
viz. of one part tu 1^12 and ITSO of water, apparently killed the 
leaves (the tentacles after a time being howed hackwards), and 
rendered the glands white, but caused no inflection. 

6'«WiV, T"nnk, larlaric, and Citric Acids.— Om part to 4S7 of 
water. Three or four leavefl were immersed, each in thirty 
mininiB of these four eolations, so that each leaf received -^^ of a 
grain, or 4'()48 ing. No inflection was caused in 24 hrs.,aiidtbe 
leaves did not appear at ail injured. Those which had heen in 
t)ie tannic and tartaric acids were placed in a solution (1 gr. to 
20 oz.) of phosphate of ammonia, hot no inflection ensued in 
24 hrs. On the other hand, the four leaves which had been in 
theeitricacid, when treated with the phosphate, hecame decidedly 
inflected in SO m. and strongly inflected after 5 hrs., and so 
remained for tie next 24 hrs. 

JH'ilic Aciil. — Three leaves were immersed in ninety minims of 
a solution of one part to 43T of water; no inflection was caused 
in 8 hi^ '20 m., but after 24 hrs. two of them were considerably, 
and the third slightly, inflected — more so than could be ac- 
counted for by the action of wator. No great amount of muctis 
was secreted. They were then placed in water, and after two 
days partially re^xpanded. Hence this acid is not poisonous. 

Oxalic Acid. — Three leaves were immersed in ninety minims of 
a solution of 1 gr. to 437 of water ; aft«r 2 hrs. 10 m. there was 
much inflection; glands pale; the surrounding fluid of a dark 
pink colour; after 8 hrs. eioessive inflection. The leaves were 
then placed in water ; after about 16 hrs. the tentacles were of 
a very dark red colour, like those of the leaves in acetic acid, 
Aft«i 24 additional hours, the three leaves were dead and tlicir 
glands colourless. 

Benioie Acid. — Fivo leaves were immersed, each in thirty 
minima of a solution of 1 gr. to 437 of water. This solution waa 
so weak that it only jnat tasted acid, yet, as we shall see, was 
~ ~ r poisonous to Sroeera. Aftra' 52 m. ~ 
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tentacles were somewhat inflected, nnd ail the glamls ver; pal^ 
coloured; the siarrouading fluid waa coloured pink. On c 
occasion the-fluid became pink in the coiiree of onl; 12 m., and 
the glaiida aa white as if the leaf had been dipped in boiling 
water. After 4 hrs. much inflection ; but none of the tentacles 
were cioseV inflected, owing, aa I believe, to the)r having been 
paralysed before they had time to complete their movement. 
An estraordinnry quantity of muouB was secreted. Some of the 
leaves were left in the eolution; others, after an immersion of 
6 hrs. 30 m., were placed in water. Next morning both Iota 
were quite dead; the leaves in the solution bting fl^ocid, those 
in the water (now coloured yellow) of a pale brown tint, and 
their glandii wbite. 

t'ucciii'c Acvi. — Three leaves were immersed in ninety minims 
of a solution of 1 gr. to 437 of water ; after 4 hra, 15 m. consider- 
able and after 23 hrs. great inflection ; many of the glands 
pale; fluid coloured pink. The leaves were then washed and 
placed in water; after two days there was some re-eipanaion, 
but many of the glands were still while. This acid is not 
nearly so poisonous as osalio or benzoic. 

Uric Acid. — Three leaves wore immersed in ISO minims of A 
solution of 1 gr. to 875 of warm wafer, but all the acid was not 
dissolved; so that each received nearly ^ of a grain. After 
25 m. there was some slight inflection, but this never increased; 
after 9 hrs. the glands were not discoloured, nor was the solu- 
tion coloured pink; nevertheless much mucus was secreted. 
The leavBB were then placed in water, and by next morning 
fully re-expanded. I doubt whether this acid really causes 
inflection, for the slight movement which at first occurred may 
have been due to the preneucfi of a trace of albuminous matter. 
But it produces some effect, as shown by the secretion of so 

Eijipuric Acid. — Four leaves were immersed in 120 minims of 
a solution of 1 gr. to 437 of water. After 2 hra. the fluid was 
coloured pink; glands pale, but no inflection. Alter 6 hrs. some 
inflection; after 9 hrs. all fo\M leaves greatly inflected; much 
muoua secreted; all the Rlands very pale. The leaves were then 
left in water for two doys; they remained closely inflected, 
with their glands colourless, and I do not doubt were killed. 

Ilydrocyanir. Acid.-^Fonr leaves were immersed, each in thirty 
jiinims of one part to 437 of water; in 2 hrs. 4a m. all the 
tentacles wore considerably inflected, with many of the glands 
pale; after 3 hrs. 45 m, all strongly inflected, and Ibe snrronnd- 
iiig luid coloured pink ; after 6 hra. all closely iiiflectuil. Aftei 
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an immersion of 8 hra. 20 m, the leaveB were washed and 
ia water ; next morning, after ahout 16 bie., the; 
inflected and discoloured! on the succeeiling day they 
evidently dead. Two leares were immerEed i 
misturu, of one part to fifty of wat«r ; in 1 hr. 15 ra. the glands 
became as white an pnrcolain, as if they had heen dipped in boit- 
ing water; very tew of the teatacloB were inflected; but after 
i hrs. almost all were infiectfld. These leayes were then phiced 
in TOater, and nert morning were evidently dead. Ha!f-minim 
drops of the same strength (viz. one port to fifty of water) were 
next placed on the disca of five leaves ; after 21 hxs. all the 
outer tantaclea were inflected, and the leaves appeared much 
injured. I likewise touched the secretion round a large number 
of glands with minute drops (about ^ of a minim, or ■00296 ml.) 
of Scheele's mixture (6 per cent.) ; the glands fiTst became bright 
red, and after 3 hrs. 15 xo. about two-thirds of the tentacles 
bearing these glunds were inflected, and remained so for the two 
succeeding days, nhen they appeared dead. 

Concluding Bemarka on the Action of Adda. — It is 
evident that acids have a strong tendency to cause the 
inflection of the tentacles ;" for out of the twenty-four 
acids tried, nineteen thus acted, either rapidly and 
energetically, or slowly and slightly. This fact is 
remarkable, as the juices of many plants contain more 
add, judging by the taste, than the solutions employed 
in my experiments. From the powerful effects of so 
many acids on Droaera, we are led to infer that those 
naturally contained in the tissues of this plant, as well 
as of others, must play some important part in their 
economy. Of the five cases in which acids did not 
cause the tentacles to be inflected, one is doubtful; 
for tiric acid did act slightly, and caused a copious 
secretion of mucus. Mere sourness to the taste is no 
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('De la Feoondntinn dans les 
PhanerogameB,' J8U3, p. 61) drcpB 
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criterion of tha power of an acid on Droaera, as citric 
and tartaric acids are very sour, yet do not excite 
inflection. It is remarkable how acida differ in 
their pf>wcr. Thus, hydrochloric acid acts far less 
powerfully tlian bydriodic and many other acids of the 
same strength, anil is not poisonous. This is an in- 
teresting fact, as hydrochloric acid plays so important 
a part in the digfstiya process of animals. Formic 
acid induces very slight inflection, and is not poison- 
ous ; whereas its ally, acetic acid, acts rapidly and 
powerfully, ami is poisonous. Malic acid acts slightly, 
whereas citric and tartaric acids produce no effect. 
Ijactic acid is poisonous, and is remarkable from in- 
ducing inflection only after a considerable interval of 
time. Nothing surprised me more than that a solution 
of benzoic acid, so weak as to be hardly acidulous to 
the taste, should act with great rapidity and be highly 
poisonous ; for I am informed that it produces no 
marked effect on the animal economy. It may be 
seen, by looldng down the list at the head of this dis- 
cnssion, that most of the acids are poisonous, often 
highly so. Diluted acida are known to induce nega- 
tive osmose,* and the poisonous action of so many 
acids on Drosera is, perhaps, connected with this 
power, for we have seen that the fluids in which they 
were immersed often became pink, and the glands 
pale-coloured or white. Many of the poisonous acids, 
such as bydriodic, benzoic, hippuric, and carbolic (but 
I neglected to record all the cases), caused the secre- 
tion of an extraordinary amount of mucus, so that 
long ropes of this matter hung from the leaves when 
they were lifted out of the solutions. Other acids, 
Buoh as hydrochloric and malic, have no such ten- 
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dency ; in these two latter cases the surrounding fluid 
was not coloured pink, and the leaves were not 
poisoned. On the other hand, propionic acid, which 
is poisonous, does not cause dim eh mucus to be 
secreted, yet the surrounding fluid became slightly 
pink. Lastly, as in the case of saline solutions, 
leaves, after being immersed in certain acids, were 
soon acted on by phosphate of ammonia ; on the 
other hand, they were not thus affected after immer- 
sion in certain other acids. To this subject, how- 
■^rer, I shall have to recur. 
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Stryehnine, saltB of — Quinine, Bulphate of, does not eoon arrest the 
movoment of the protoplaem — Other salts of quinine — Digitftiino 

— Nicotine — Atropiue — Veratrin e — Colchieiue — Theiuo — Carore 

— Morphia — Hyoscyamus — Poison of the oobra, apparently soce- 
lemtoa the movementa of the protoplasm — Camplior, > powerful 
stimulant, its vapour nareotio — Certain eaaciitial oik excite move- 
ment — Glycerine — Water and certain Bolutinns retard or prevent 
the saiiBequent action of phosphate of alamoiiia — Alcohol inno- 
ououB, its vdpour narcotio and poieonouB — Cblorofonn, snlphurio 
and nitric ether, their Btimuliiot, poimnous, and narwitio power — 
Carbonic acid narootio, not unickl j poiaonoua — Concluding remarks. 

As in the Inst chapter, I will first give my experiments, 
and then a brief siunmary of the results with some 
concluding remarks. 

Arelate of Strychnine, — Half-miniDis of aeolution of one part to 
437 of water were placed on the disca of six leaves; so that 
each received -^ of a grain, or .0673 ng. In 2 hrs. 30 m. the 
outer tentacles on Botne of them were inflected, but in an irregu- 
lar mamier, Eometimes only on one side of the leaf. The neit 
morning, after 22 hrs. 30 m., the inflection had not increased. 
The glands on the central dine were blackened, and had ceased 
BecretiiLg. After an additional 21 hrs. all the central glands 
eeeinod dead, but the inflected tentacles had re-eipanded and 
appeai'ed quite healthy. Hence the poisonons action of strych- 
lune Beems confined to the glands which have abEorbed it ; 
nevertheless, these glands transmit a motor impnlse to the 
exterior tentacles. Minute drops (about ^ of a minim) of 
the same solution applied to the glands of the outer tentacles 
occasionally caused them to bend. The poison does not seem 
to act quickly, for having applied to several glands similar 
drops of a rather stronger solution, of one part to 292 of wafer, 
this did not prevent the tentacles bending, when their glands 
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were escilert, after an interval of a quarter to tlirea qiinrt* 
BM hour, by beioE nibbed or given bite of meat. Similar drops 
of a Bolation of one part to S18 of water (3 grs. to 1 oz.) quictilf 
blackened the bIbikIh; eoiiio few tents-olea thus treated moved, 
whilst others did not. The latter, however, on being eubse- 
qnentljr moistened with ealiva or given bits of meat, became 
inonrved, though with extreme slowness; and thia shows that 
thejf had been injured. Stronger solutions (but the strength 
was not ascertained) sometimes arrested all power of movemeat 
very quickly ; thus bits of meat were plaowi on ths glands of 
several exterior tentacles, and as soon as they began to move, 
minute drops of the strong solution were added. They con- ■ 
tinned for a short time to go on bending, and then Guddenly 
stood still; other tentacles on the same leaves, with meat 
on their glands, hut not wetted with the strychnine, continued 
to bend and soon reached the centre of the leaf. 

Ci'rale i<f Stri/dinme, — Half-minima of a solution of one part 
to 437 of water were placed on the discs of sis leaves; after 
24 hra, the out«r tentacles showed only a trace of inflection. 
Bits of meat were then placed on three of these leaves, but in 
2i lirs. only slight and irregular inflection occurred, proving 
that the leaves had been greatly injured. Two of the leaves to 
which meat hod not been given had their discal glands dry and 
much injured, Kinute drops of a strong solution of one part to 
109 of water (4 gra. to 1 oa.) were added to the secretion round 
several glands, but did not produce nearly so plain an effect as 
the drops of a much weaker solution of the acetate. Particles of 
the dry citrate were placed on sis glands ; two of these moved 
some way towards the centre, and then stood still, being no 
doubt killed ; three others curved much farther inwards, and 
were then fised; one alone reached the centre. Five leaves 
wore immersed, each in thirty minima of a solution of one part 
to 437 of water; so that each received -^ ot & grain; after 
about 1 hr. some of the outer tentacles became inflected, and 
the glands were oddly mottled with black and white. These 
glands, in from i hrs. to 5 hra., became whitish and opaque, 
and the protoplasm in the cells of the tentacles was well aggre- 
mited. By tiiia time two of the leaves were greatly inflected, 
but the three others not much more inflected than they were 
before. Nevertheless two fresh leaves, after an immersion re- 
K[>eetiveiy for 2 hrs. and 4 hrs. in the solution, were not killed; 
fnr on lieiiig left for 1 hr. 80 m. in a solution of one part of 
tiirbonate of ammonia to 218 of water, their tentacles became 
more inflected, and there was much 



< 



GBii-. IX. 



ALKALOID FOISOSS. 



201 



or two other leavea, after an iminersioTi for 2 hnt. in a xtronger 
Boltition, of one part of the citrate to 218 of water, became of an 
opnquo, pale pink tolour, which liefore long di6ap))eared, leaving 
them white. One of theEe two leaves had its blade and 
tentacles greatly inflected; tbe other hardly at all; but the 
protoplasm in the cellfl of both was apgrt^nfed down to the 
1hu«s of the tentacles, with the spherical tnasaes in the ceils 
closa beneath tJte glands blackened. After 21 his. one of tht>se 
Ieaye§ waa colourless, and evidently dead. 

Hulphiite e/ Quinine. — Some of this salt was added to 
water, which is said to diffiolve y;^ part of its weight 
Five leaves were immersed, each in thirty minims of this ela- 
tion, which tasted bitter. In less than 1 hr. aome of them bad 
a few tentacles inflected. In 3 hrs. most of the glands becnma 
whitish, others dark-colonred, and many oddly mottled. After 
6 hrs. two of the leaves had a good many ttnlacles inflected, but 
tins very moderate degree of inflection never increased. One of 
the leaves was taken out of the solution after 4 hrs., and placed 
in water; by tbe next morning eoine tow of the inflected 
tentacles had re-«xpanded, showing that they were not dead; 
bnt the glands wore still much discoloured. Another leaf not 
included in the above lot, after an immersion of 3 hrs. 15 m., 
was carefully examined; the protoplasm io the cells of the 
outer tentacles, and of the short green ones on the dise, had 
become strongly aggregated down to their bases; and I distinctly 
saw that the little masses chsnged their poeilions and shapes 
rather rapidly ; some coalescing and again separating. I waa 
surprised at this fact, became quinine is said to arrest all move- 
ment in the white corpnscles of the blood ; but as, according to 
Brnz,* this is dne to their being no longer supplied with oxygen 
by the red corpuacles, any such arrestment of movement could 
not be expected in Drosera. That the glands had absorbed some 
of the salt was evident irom their change of colour ; but I at 
first thought that the solution might not have travelled down 
the cells of the tentacles, where the protoplasm was seen in 
active movement This view, however, I have no doubt, is 
erroneous, for a leaf which had been immersed for 3 hrs, in the 
quinine solution was then placed in a little solution of one part of 
carbonate of ammonia to 218 of watery and in 80 m. the glands 
and the upper cells of the tentacles became intensely black, with 
the protoplasm presenting a very auusnal appearance; for it 
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were escileii, after an interval of a quarter to thrpn quarters of 
so hour, by being nibbed or given bite of meat. Similar drops I 
of a solution of one part to 218 of water (2 grs. to 1 oz.) qnicklj [ 
blackened the glanrfH; some few tenteclea thus treated moved, 
whilst others did not. The latter, however, on bdug eubse- 
quentlj moiBtened with saliva or given bits of meat, bacama 
incurved, though with extreme slownesw; and this ahowe that 
they had been injured. Stronger fwlntions (but the strength 
was not ascertained) sometimes arrested all power of movement 
very quickly ; thus bits of meat were placed on the glnnds of 
several exterior tentacles, and as soon aa they began lo move, 
minute drops of the strong solution were added. They con- 
tinued for a short time to go on bending, and then suddenly 
stood still; other tentacles on the same leaves, with meat 
on their glands, but not wetted with the strychnine, continued 
to bend and soon reached the centre of the leaf. ' 

Ci'r'ite of Siryclmine. — Half-minims of a solution of one part 
to 43T of water were placed on the discs of six leaves; after 
24 hrs, the outer tenlaclas showed only a trace of inflection. 
Bits of meat were then placed on three of these leaves, but in 
24 hrs. only slight and irreguJar inflection occurred, proving 
that the leaves had been greatly injured. Two of the leaves to 
which meat had not been given had their discal glands dry and 
much injured. Minute drops of a strong solution of one part to 
109 of water (4 grs. to 1 o».) were added to the secretion round 
several glanils, but did not prodnee nearly so plain an effect as 
the drops of a much weaker sohitien of the acetote. Particles of 
the dry citrate were placed on (dx glands; two of these moved 
some way towards the centre, and then stood still, being no 
doubt killed; tliree others curved much farther inwards, and 
were ihea fixed; one alone reached the centre. Five leaves 
were immersed, each in thirty minima of a solution of one part 
to 487 of water; so that each received jL of a grain; after 
about 1 hr. some of tho onter ttaitaeles became inflected, and 
the glands were oddly mottled with black and white, 
glands, in from 4 hrs. to 5 hrs., became whitish and opaque, 
and the protoplasm in the cells of the tentacles was well oggre- 
Rated. By this time two of the leaves were greatly inflected, 
hat the three others not much more inflected than they n 
before. Nevertheless two fresh leaves, after an immersion re- 
upccliveiy foe 2 hrs. and 4 hrs. in the solution, were not killed ; 
fur on being left for 1 hr. 30 m. in a solution of one part of 
ciirbonate of ammonia to 218 of water, their tentacles became 
more inflected, and there was much aggregation. The glands 
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of two other lenTca, otter an immerRion for 2 hrs. in a stronger 
aolution, of one port of the citrate to 218 of water, ttecame of an 
opnqae, pale pink coloiir, which before long disappeared, loavisg 
them white. One of theee two leaves had its blade and 
tentacles greatly inflected ; the other hardly at all ; bnt the 
protoplasm in the cells of both was aggregated down to the 
bases of the tentaeloa, with the spherical masHeB in the cellB 
close beneath the glunde blackened. After 21 hrs. one of these 
loavM was colonrlesa, and evidently dead. 

Sulphtite of Quinine. — Some of this salt was added to 
wat«r, which is said to diesotye la'no P^^'' "^ 'ts weight. 
Five leaves were ininierBed, each in thirty minima of this solu- 
tion, which tasted bitter. In less than 1 hr. some of them had 
a few tentacles inflected. la 3 hrs. most of the glands became 
whitish, others dark-colonred, and many oddly mottled. After 
6 hrs. two of the leaves had a good many tentacles inflected, but 
this very moderate degree of infl.eetion never increased, One of 
the leavw was taken out of the solution after 4 hrs., and placed 
in water ; by the next morning some lew of the inflected 
tentacles bad re-expanded, showing that they were not dead; 
bnt the gJands were still much discoloured. Another leaf not 
inciuded in the atxjve lot, after an immerBion of 3 hrs. 15 m., 
was carefully eiamined; the protoplasm in the cells of the 
outer tentacles, and of the short green ones on the disc, had 
become stronglj aggregated down to their bases ; and I distinctly 
saw that the little masses changed their positions and shapes 
rather rapidly ; some coalescing and again separating. I was 
surprised at this fact, because quinine is said to arrest all move- 
ment in the white corpuscles of the blood ; but as, according to 
Binz,* this is due to their being no longer supplied with oxygen 
by the red corpusclos, any such arrestment of movement conld 
not be expected in Droeera. That the glands had absorbed some 
of the salt was evident from their change of colour ; but I at 
first thought that the solution might not have travelled down 
the cells of the tentacles, where the protoplasm was seen in 
active movement. This view, however, I have no doubt, is 
erroneons. for a leaf which had been immersed for 'd hrs. in tha 
quinine solution was then placed in a little solution of one part of 
carbonate of ammonia to 218 of water ; and in 30 m. the glands 
and the upfier cells of the tenlaclea became intensely black, with 
the protoploiun presenting a TCry unusual apj>earance; for it 
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had become aggregated into reticulated dingy-i;oloiired maf 
having rounded and anguiflr interspaeeH. As I have never 
Been this effect produced by the carbonate of nnimonia alone, 
it most be attributed to the previous action of the qninino. 
These reticulated masses were watched for some time, but did 
not change their forms; eo tiiat the protoplasm no doubt had 
been killed by the combined action ol the two Balls, though 
exposed to them for only a short time. 

Another (eaf, after an immersion for 24 hrs. in the quinine 
solution, became somewhat flaccid, and the protoplasm in alt 
the cells was aggregated. Many of the aggregated maBHea were 
discoloured, and presented a granular appearance; they were ' 
spherical, or elongated, or still more commonly consisted of , 
little curved chains of small globules. None of these massi 
exhibited the least movement, and no doubt were all dead. 

Half-minims of the solution were placed on the discs of s 
leaves; after 23 hrs. one bad all its tentacles, two had a fe' 
and the others none inflected; so that the discal glands, when 
irritated by this salt, do not transmit any strong motor impulse 
to the outer tentacles. After 4S hrs. the glands on the discs of 
all six leaves were evidently much injured or quite killed. It is 
clear that this salt is highly poisonous.* 

AcrtiiU of Quinine. — Four leaves were immersed, each in thirty 
minims of a solution of one part to 4ii7 of water. The solution 
was tested with litmus paper, and was not acid. After only 
10 m. all four leaves were greatly, and after 6 hrs. immensely, 
inflected. They were then left in water for 60 hrs,, but never 
re-expanded; the glands were white, and the leaves evidently 
dead. This salt is far more elbcient than the sulphate in 
causing inflection, and. like that salt, is highly poisonous. 

Jittrate of Quinine.— Toai leaves were immersed, each in thirty 
minims of a solution of one part to 437 of water. After 6 hrs. 
there was hardly a trace of inflection ; after 22 lirs. three of the 
leaves were moderately, and the fourth slightly inflected; so 
that this salt induces, though rather slowly, well-marked infleo- 
tion. TbcBu leaves, on being left in water for 48 hrs., almost 
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eomplefely re-espandcd, but the glands were mncli diBcoIonred. 
Hence this Ealt is not poisonouB in any high deptee. Tlia 
different action of the three furegoing sails of quinine is BJn- 
gular. 

liiyitiiUne. — Half-miiiims of a solution of ono part to 437 of 
vater were placed on the discs of five Icavts. In 3 hre. 45 in. 
some of them hod their tentacles, and oaa had its hiade, 
mo lerately inflwtod. After 8 hie. three of thera were well in- 
flected; the fourth had only a fevr tentacles inflected, snd the 
fifth (an old leaf) was not at all affected. They remained in 
nearly the same state fijr two days, but the glands on their discs 
became pale. On (he third day the leaves appeared much 
injured. Nevertheless, nhen bits of meat were placed on two 
of them, the outer tentacles became inflected. A minnte drop 
(about jig of a minim) of the solntion was applied to three 
glands, and after 6 hra. ali three tentacles were inflected, but 
next day hod nearly re-expanded; so that this very small dose 
of tjiaa of a grain (■IK)235 mg.) acts on a tenfnclc, hut is not 
poisonous. ]t appears from these several tacts that digitaline 
causes infleotion, and poisoiiB the glands which absorb a 
moderalsly large aniount. 

Nifotitir.' — The secretion round several glands was touched 
with a minute drop of the pure fluid, and the glands were 
instantly blackened ; the tentacles becoming inflected in a few 
minutes. Two leaves were immersed in a weak solution of two 
drops to 1 oz., or 437 grains, of water. When examined 
after 3 hrs. 20 in., only twenty-one tentacles on one leaf were 
closely inflected, and six on the other slightly so ; but all the 
glands were blackened, or very dark-coloured, with the pro- 
toplasm in all the cells of all the tentacles much aggregated 
and dark- coloured. The leaves were not quite killed, for on 
bring placed in a little solution of carbonate of ammonia 
('i grs. to 1 oz.) a few more tentacles became inflected, the 
wmainder not being acted on during the nest 24 hrs. 

Half-minims of a stronger solution (two drops lo ) oz. of 
water) were placed on the discs of six leaves, ard in 80 m. all 
those tentacles became inflected ; the glands of which had 
actually touched the solution, as shown by iheir blackness; 
but hardly any motor influence was truusinitted to the outer 
tentacles. After 22 hrs. most of the glands on the discs ap- 
peared dead ; but this could not have Ixen Uie case, as when 
bits of meat were placed on thne of them, Fonie few of the 
outer tentacles were inflected in 24 biR. Hence nicotine has a 
great tendency to blacken the glands and to induce aggregation 
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of the protoplasnij but, except whrai pure, has very moderato' 
power of induping inflection, and still lese power of ca' 
a motor iuiliieiice to be transmitted from the diecal glands to' 
the outer tunlaclee. It is moderately poisonous. 

Airiipine.—A grain was added t« 437 graina of water, but 
was not all dissolved; another grain was added to 437 grains ot 
a, miiture of one part of alcohol to seven parts of water; and! 
a third solution was made by adding one part of valerianate of 
atropine to 437 of water. Ualf-miuims of these three solntiona 
were placed, in each case, on the discs of sii leaves ; hut no 
effeot whatever was produced, excepting that the glands on 
the discs to which the valerianate was given were slightly 
discoloured. The six leaves on which drops of the Bolution 
of atropine in diluted alcohol had been left for 21 hrn. 
were given bits of meat, and all liecame in 24 hra. fairly well 
inflected ; so that atropine does not excite movement, and is 
not poisonons. I also tried in the same manner the alkaloid 
Bold as daturine, which is believed not to differ from atropine, 
and it produced no effect. Three of the loaves on which dropa 
of this latter solution had been left for 'M hrs. were likewise 
given bits of meat, and they had in the coarse of 2i hrs. a good 
many of their submarginal tentacles inflected. 

Vcra'riite, CiAchieiii'; Tlieitir. — Solutions were made of these 
three alkuloide by adding one part to 437 of water. Half-mininw 
were |i1^i^ in ^f^b case, on the discs of at least siz Itavcs, hut 
no inflection was caused, except perhaps a Tery slight amonnt 
by the theine. Half minims of a strong infusion of t«« like* 
wise produced, as formerly stated, no e%ct. I alKo tried similar 
drojM of an infusion of one part of the extract of colchicum, sold 
by druggists, to 218 of water; and the leaves were observed for 
a8 hra., without any effect l>ejng produced. The seven leaves on 
which drops of veratrine had been left for 26 hrs. were given 
hits ot meat, and after 21 hrs. were well inflected. Those three 
alkaloids are therefore quite innocuous. 

Curure. — One part of this famous poison was ndjed to 218 of 
water, and three loavew were iinmersed in ninety minims of tha 
filtered solution. In 3 hrs 80 m. some of the tentaclss were 
a little ioflectfid ; as was the blade of one, after 4 hrs. After 
7 hrs. the glauds were wonderfully blackened, sliowiug that 
matter of some kii^d had been absorbed. In 9 lirs. two of the 
leaves had most of their leidnclES sub-infleettd, but the inflEO- 
tion did not increase in the course of 24 lirs. One of these 
leaves, after being immersed for 9 hrs. in the solution, wai 
placed in water, and by next morning had largely re-expanded 
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tbe other two. after their immewioii for 24 hrs., were likewise 
placed in water, and in 24 ire. were corsiderably re-eipanded, 
though their glands were aa black as ever. Hnlf-minims were 
placed on tbe discs of six leaves, and no inflection cusued ; hut 
after three days the glands on the diwa appeared rather dry, 
yet to my surprise were not blnckoned. On anothtr occarion 
drope were placed on tlie discs of sis leavex, and a considerable 
amount of inflection wna soon caiisod ; but as 1 had not filtered 
the solution, floating particlea may hate acted on the glands. 
After 24 lii-s. bits of meat were placed on the discs of tliree of 
these leavea, and neit day they became strongly inflected. As I 
at fir^t thought that the poison might not hare been dissolved 
in pure wat«r, one grain was added to 437 grains of a mixture 
of one part of alcohol to seven of water, and half-minima were 
placed on the discs of six leaves. Those were not at alt afTccfed, 
and when after a day bits of moat were given them, they were 
slightly inflected in 5 hrs., and closely after 24 lirs. It follows 
from these several lacts tliat a solution of cnrare inducoa a very 
moderate degree of inflection, and this may perlinps be due to 
the presence of a minute quantify of albumen. It certainly is 
not poisonous. The protoplasm in one of the leaves, which had 
been immersed for 24 hrs., and which had become slightly in- 
flected, had undenione a very slight amount of apfrrepation — 
not more than often ensues from an immersion of this length of 
time in water. 

Aa-late of Morphia,— 1 tried a great number of eippriments 
with thia Bubstauoe, but with no certain resiilr. A considerable 
number of leaves were immersed from between 2 hrs. and 6 hrs. 
in a )io!ution of one part to 218 of water, and did not become 
inflected. Nor were they poisoned ; for when they were washed 
and placed in weak solutions of phosphate and carbonate of 
ammonia, ^ey soon became strongly inflected, with the pro- 
toplasm in the cells well aggregated. If, however, whiJirt the 
leaves were immersed in the morphia, phosphate of am- 
monia was added, inflection did not rapidly ensue. Minute 
drops of the solution were applied in the usual mnnncr to the 
secretion round between thirty and forty glands; and when, 
after an interval of 6 m., bits of meat, a little salira, or particles 
of glass, were placed on them, the movement of the tentacles 
was greatly retarded. But on other occasinns no such retar- 
dation occurred. Drops of water similarly applied never have 
any retarding power. Minnie drops of a Fohition of sugar o( 
the same strength (one part to 218 of water) Booietimea retarded 
the subsequent actjon of meat and of partiileR of glasx, and 
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Bometimoa did not do BO. At one time I folt conyinced that 
morphia acted as a narcotic on Droseia, but affer baving found 
in what a BinRular manner immersion in certain uoB-poisonoiis 
Ecilta and auids proTents the Bnl>Kequent action of phosphate of 
animonia, whereas other Golutfons have no such poner, mjr 
first conviction seeniB very doubtful. 

Extract if HyoKyiimuK.—^&yatal loaves were placed, each in 
thirty minima of an infusion of 3 grs, of the extract sold by 
druggists to 1 oz. of water. One of them, after being immersed 
for 5 hrs, 15 m., was not inftected, and was then pat into a 
Holution (1 gr. to 1 oz.) of carbonate of ammonia; after 2 hra. 
iO m. it was found considerably inflected, and the glanila 
much blackened. Four of the leaTea, after being immersed for 
2 hra. 14 m., were placed in 120 minims of a solution (1 gr. to 
20 OK.) of phosphate of ammonia; they had already become 
slipihtly inflected from the hyoacjamuH, probably owing to the 
prescnoe of some albuminoua matter, as formerly explained, 
but the inflection immediately increased, and after 1 hr. vaa 
Etiongly pronounced ; so that byoscyamus does not act aa a 
narcotic or poison. 

foimn/rom the Fang of a Living Adder.— Wimte drops were 
placed on the glands of many tentacles; these were quickly 
inflected, just as if saliva bad been given them. Next morning, 
after 17 hra. SO m., all were beginning to re-expand, and they 
appeared uninjured. 

Foifon from (Ae Cobra,— Bi. Fayrer, well known from his 
investigations on the poison of thia deadly snake, was so kind 
as to give me some in a dried stale. It is an albuminous 
substance, and is believed to replace the ptyaline of sahva.* A 
minute drop (about ^ of a minim) of a solution of one part to 
437 of water was applied to the secretion round four glands; so 
that each received only about Tijiira of a grain (■OOl^nig.). Tho 
operation was repeated on four other glands; and in 15 m. 
several of the eight tentacles beuarae well inflected, and all of 
thera in 2 hrs. Nest morning, after 24 hra., they were etill 
inflected, and the glauda of a very pale pink colour. After an 
ailditional 24 hrs. they were nearly re-expanded, and completely 
so on the succeeding day ; but most of the glands remained 
almost white. 

Half-minima of the same solution were placed on the discs of 
three leaves, so that each received $^ of a graiu ('0675 mg.) ; in 

Dr. Fayrer, ' The Thauatophidia of India,' 1872, p. 150 
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i hrs. 15 m. tha outer tentacles were much inflectjjd; and after 
6 bra. 30 m. thoas on two of the leaves were cloxel; inflected find 
the blade of one ; the third leaf was only modoratulj nffecloj. 
The kaves remained in the Bume state during the next (kj, 
bat after iS hrs. re-expandud, 

llirea leavee were now immersed, each in tliirly minims of the 
eolntion, so that each received ^ of a gruin, or 4'(>18 nig. In 
6 m. there wn« Boma influction, which bteodil; increased, bo that 
after 2 bra. 30 m. all tliree loaves wore closely inflected ; tha 
glands were at first somewhat darkened, then rendered pale ; and 
the protoplasm within the cells of the tentacles wa£ partially 
aggregated. The little masses of protoplasm were examined 
after 3 hrs., and again after 7 hrs., and on no other occasion 
have I seen them undergoing such rapid changes of form. 
After 8 hrs. 30 m. the gbuda had become quite while; they had 
not secreted any great quantity of mucns. The leaves wore 
now placed in water, and after 40 hrs. re-expanded, showing that 
thej were not much or at all injured. During their innnersion 
in water the protoplasm within the cells of the tentaclES was 
ocoasionally examined, and always found in strong movement. 

Two leaves were next immersed, each in thirty minims of a 
much stronger solution, of one part to 10i> of water ; so that each 
received J of a grain, or 16'2 mg. After 1 hr. 45 m. the sub- 
marginai tentacles were strongly inflectud, with the glands some- 
what pale ; after 3 hrs. 30 m. both leaves had all their tentacles 
closely inflected and the glands white. Hence the weaker 
Eolation, as in so many other cases, induced more rapid inflec- 
tion than the stronger one; but the ghtnds were sooner rendered 
wbit« by the latter, After an immersion of 24 bra. some of the 
tentacles were examined, and the protoplasm, still of a fine 
purple colour, was found aggregated into chains of emaU globular 
masses. These changed their shapes with remarkable quickness. 
After an immersion of 48 hrs. they were again examined, and 
their movements were so plain that they could easily be seen 
under a weak power. The leaves were now placed in water, 
and after 24 bra. (i.e. 72 hrs. from their first immetsion) the 
httle masses of protoplasm, which had become of a d'ngy purple, 
were still in strong movement, changing their shapes, coalescing, 
and again separating. 

In 8 hrs. after those two leaves had been placed in water (i.e. 
in 56 hrs. after their immersion in the solulion) they began to 
re-expand, and by the nest morning were more expanded. 
After an additional day (lo. on the fourth day after their immer- 
sion in the solution) they were lai^ely, bat not quite fully 
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expanded. The tentacloB wore nowosamincd, and the afrgregatecl I 
masflSBwere almost wholly rediseolved; the cells being Hlbdwith 
homogeneous purple fluid, with the exception here and there ot 
a single globular mass. We thnH see how completely the proto- 
piaBm had escaped all injury from the poison. As the glands 
were soon rendered quite white, it occurred to me that their 
texture might have beon modified in such a manner as to 
prevent the poison passing into the cells beneath, and conse- 
quently that the protoplnsm within these cells had not been at 
all nfTected. Accordingly I placed another leaf, which had been 
immersed for 48 hrs. in the poison and afterwards for 24 hrfi. in 
water, in a little Eolution of one part of carbonate of ammonia 
to 218 ot water ; in 30 ra. the protoplasm in the cells beneath 
the glands became darker, and in the course of 24 hrs. the 
tentacles were filled down to their V>ases with dark-colonied 
epherical masses. Henca the glands had not lost their 
power of absorption, ae far as the cnrbonate of ammonia is 
concerned. 

From these fuels it is manifest that the poiw>n of the cobra, 
though BO deadly to animals, is not at nil poisonous to Droeerai 
yet it causes strong and rapid inflection of the tentacles, and 
soon discharges all colour from the glands. It i%ems even to act 
as a stinuilant to the protoplasm, for after considetable expe- 
rience in ol>serving the movements of this substance in Drosera, 
J have never seen it on any other occasion in so active a state. I 
was therefore anxious to learn how this poison affected animal 
protoplasm; and Dr. Fajrer was so kind as to make some obser- 
vations for me, which he has eiace published." Ciliated epi- 
thelium from the mouth of a frog was placed in a solution of 
■03 gramme to 4-6 cubic cm. of water ; others being placed 
at the same time in pure water for comparison. The move- 
ments of the cilia in the solution seemed at first increaGed, 
but soon languished, and after between 15 and 20 minutes . 
ceased ; whilst those in the water were still acting vigorously, j 
The white corpuscles of the blood of a frog, and the eiha on two * 
infusorial animals, a Faramiecium and Volvox, were similnrly 
affected by the poison. Dr. Fayrer also found that the muscle 
of a flMg lost its irritability after au immersion of 20 m. in 
the solution, not then responding to a strong electrical current. 
On the other hand, the movements of the cilia on the mantle ot 
an Dnio were not always arrested, even when left for a 
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Me time in a very etroiig solution. On the whole, it SMtni 
tliat the poison of the cobra octe for more injurionsljr a 
protoplasm of the higher aoimala thao on that of Droeura. 
There ib one other point which may Iw noticed. I huvo 
aionaJlj observed that the drops of secretion round tlie glanda 
were rendered somewheit turbid by certain solutioas, and more 
esijecialij by some acids, a film being formed on the BUrfacos of 
the drops ; but I never saw this effect prodnoed in m con- 
epicuous a manner as bj the cobra poiaua When the stronger 
Bolntion was employed, the drops appeared in 10 m. like little 
white ronnded clouds. After 48 hrs. the secretiou was changed 
into threads and sheets of a membranous substance, including 
minute granules of various sizes. 

Camphor. — Some scraped camphor waa loft for a day in a bottle 
with distilled water, and then filtered. A solution thus mode ia 
said to contain m^ of its wdght of camphor; it Bmoit and 
tasted of this substance. Ten leaves were immci^ed in tidg 
solution ; after 15 m. five of them were well iufleultd, two 
showing a first troce of movement in 11 m. and 12 m. ; the 
sixth leaf did not bciriu to move until 15 m. hod elapsed, but 
was iairly well inflected in 17 m. and quite closed in 24 m. ; the 
- seventh began to move ia 17 m„ and waa completely shut in 
36 m. The eightli, ninth, and tenth leaves were old and of 
a, very dark red colour, and these were not inflected after an 
immersion of 21 hrs.; so that in making experiments with 
camphor it is necessary to avoid such leaves. Some of these 
leaves, on being left in the solution for 4 hrs., became of a 
rather dingy pink colour, nnd secreted much mucos; although 
their tentacles were closely inflected, the protoplasm within tlie 
cells was not at all aggregated. On another occasion, however, 
after a longer immersion of 24 hrs., there was well marked 
aggregation. A solution made ly adding two drops of campho- 
rated spirits to an ounce of water did not act on one leaf; 
whereas ttiirty minims adiled to an ounce of water acted on two 
leaves immersed together. 

M. Voge! has shown* that the flowers of various plants do not 
withei so soon when their stems are placed iu a solution of cam- 
phor as when in water; and that if already slightly withered, 
they recover more quickly. The germination of certain seeds is 
al-io accelerated by the solution. So that camphor acta as a 
stimulant, and it is the only known stimulant for plants. I 
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wished, tlierefDre, to nHcertain whethor camphor would render tho I 
leaves of Drosera more sensitive to mechanical irritation than 
they natiirnlly are. Sir leaves were left in distillud water for 
5 m. or 6 m., and then gently brBshed twice or thrice, whilst still 
under water, with a soft camel-hair brush ; but no movement 
ensued. Nine leaTcs, which had been immersed in the above 
solution of camphor for the times staliid in the following 
lalile, were next brushed ouly nntx with the same brush and in 
the same manner oa before; the results are given in the table. 
My first triala were made by brushing the leaves whilst still : 
immorstid in the solution ; but it occurred to mo that the Tiecid 
secretion round the glands would thus be removed, and the ' 
camphor might act more eflisctually on thorn. In all the 
following trials, therefore, each loaf was taken out of the solu- 
tion, waved for about 15 a. in water, then placed in fresh water 
and brushed, so that the brushing would not allow the freer 
access of the camphor ; but this treatment made no difTeronos 
in the results. 
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Other leaves were loft in the solution without heinc brushed; 
one of these first showed a trace of intlection after 11 m.; a 
second after 12 m.; five were not inflected until 15 m. had 
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elapsed, nnd two not until a few miuiitea later. On the other 
hand, it will be seen in the right-haDd column of tlie table that 
most of the leaves subjected to the solution, and which were 
brnxhed, became inflected in a much Bhort^x time. The move- 
ment of the tentacles of some of these leaves woa so rapid that 
it could be plainly seen through a very weak lona. 

Two or tliree other ejcperiments are worth giving. A lai^ 
old loaf, after being immersed for 10 m. in the solution, did tint 
appear likely to be soon inflected ; so I brushed it, and in 2 m. 
it began to move, and in 3 m. was completely shut Another 
leaf, after an immersion of 15 m., showed no signs of inflection, 
so was brushed, and in 4 m. wiis grandly inflected, A third leaf. 
after an immei-sioa of IT m., likewise showed no signs of io- 
flection; it was then brushed, but did not move for 1 hr.; so 
that here was a failure. It wns again brushed, and now in 
9 m. a few tentacles became influcted ; the failure therefore was 
not complete. 

We may conclude that a small dose of camphor in solution is a 
powerful stimulant to Bruseru. It not only soon eKcites the ten- 
tacles to bend, but appai'cntiy renders the glands sensitive to & 
touch, which by itself does not cause any movement. Or it may 
be that a slight mechanical irritation not enough to cause any 
inflection yet gives some tendency to movement, and thus 
reinfuroes the octioa of the camphor. This latter view would 
have appeared to me the mure probable one, had it not l>een 
shown by M. Vogel that camphor is a stimulant in other ways to 
various plants and seeds. 

Two plants bearing four or five leaves, and with their roota 
in a little cup of water, were exposed to the vapour of some 
bits of camphor (about as large as a filbert-nut), under a 
vessel holding ten fluid ounces. After 10 hrs. no inflection 
ensued ; but the glands appeared to be secreting more copiously. 
The leaves were in a narcotised condilion, for on bits of meat 
being placed on two of them, there was no inflection in 8 hrs, 
15 m., and even after 13 hrs. 15 m. only a few of the outer 
tentacles were slightly inflected; but this degree of movement 
shows that the leaves bad not been killed by an exposure 
during 10 hrs. to the vapour of camphor. 

Oil of Canitnay. — Water is said to dissolve about a thousandth 
part of its weight of this oil. A drop was added to au ounce 
of water and the bottle occasionally shaken during a dny; 
but many minute globules remained undissolved. Five leavrs 
were immersed in this mixture; in from 4 m. to 5 m. there was 
some inflection, which became moderijtely prononnced in two vi 
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three additional minutes. After 14 m. al' five Icuves wore well, 
and some of tlicm closely, inflected. After 6 Urs. the glands were 
white, and much muaue had been secreted. Tbo leaves were 
now flaccid, of a peculiar duU-ri;d colimr, and evidently dead. . 
Oneof the leaves, after an imnieraiou of 4 m,, was brushed, like tho 
loaves in the cftniphor, but this |irr>ciucod no effect A plant 
wilh its roots in water was exposed under a 10-oz. vessel to the 
vapour of this oil, and in 1 hr. 20 m. one leaf showed a trace of 
inflection. After 5 hrs. 20 m. the cover was taken off and the 
leaves ezaiDined', one had all itB tentai^Ies cloeel; inflected, 
the second alKint halt in the same state ; ond the third all snb- 
inflected. The plant was left in the open air for J2 hvs., but not 
a single tentacle expanded ; all the glands appeared dead, except 
here and there one, which was still secreting. It la evident 
that this oil is highly exciting and poisonous to Brosera. 

Oil iif Cloves.— A miiture was made in the same mEmner as ia 
the last case, and tliree leaves were immersed is it. After 30 m. 
there was only a trace of inflection which never increased. AftoC 
1 hr. 30 m. the glands were pale, and after 6 hra. white. No 
donbt the leaves were much injured or hilled. 

Ti'rjteniine. — Small drops placed on the discs of some leaves 
killed them, as did likewise drops of creosote. A plant was left 
for 15 m. under a 12-oz. vessel, with its inner surface wetted 
with twelve drops of turpentine ; hut no movement of the teu- 
tacles ensned. After 24 hrs. the plant 

Glycerine. — Half-minims were place 
leaves : in 2 hrs. some of the out«r tentacles were irregularly 
inflected ; and in 19 hrs. the leaves were flaccid and apparently 
dead ; the glands which had touched the glycerine wore coloup- 
lees. Minute drops (about j^j of a minim) were apphed to the 
glouds of several tentacles, and in a few minutes these moved 
and soon reached tho centre. Similar drops of a mixture 
of four dropped drops to 1 oz. of water were likewiae applied 
to several glands; but only a few of the tentacles moved, and 
these very slowly and sliKhtly. Half-miniros of this same mix- 
ture placed on the discs of some leaves caused, t{) my surprise, so 
inflection in the course of 48 hrs. Bits of meat were then given 
them, and nest day thoy wore well inflected ; notwithstanding 
that some of the discal glands had bean rendered aluiont colour- 
loss. Two leaves were immersed in the same mixture, but only 
for 4 hrs.; they were not inflected, and on being afterwardis 
left for 2 hrs. 30 m. in a solution (1 gr. to 1 oz.) of carbonate of' 
immonia, their glands were blackened, their tentacles inflected, 
and the protoplasm within their cells aggregated. It appean 



I 

4 
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&om these facts that a niiztnre of fonr dropn of glyi?«rine to 
an ounce of water is not poisanonn, imd excites very little in- 
flection; but that pnre glycorimi is poisonoua, and if applied ' 
in very minate quantities t*> the glands of the outer tentaolua ■ 
caiiseE their ioflection. 

T,.e Effects «/ Immtvtion in Walrr a-<d in various .Soiuhoiu on 
the suiaejuen/ AcHo'i of Phmphnle anil Oiirbonate of Ammimiii. — 
We have seen in the third, and seventh chapters that immersion 
iu distilled water causes after a time some degree of aggregation 
of the protoplasm, and a moderate amonitt of infleotiun, espe- 
cially in the case of plants which have been kept at a rather 
high temperature. Water does not excite a copious secretion 
of mucus. We have here to consider the ofTocts of immersiim 
in various fluids on the sulKequtut action of salts of ammonia 
and other stimulants. Fonr leaves wltich had been left for 
^ hrs. iu water were given hits of meat, but did not clasp thorn. 
Ten leaves, after a similar unmeraion, were left for 24: hrs. in 
a powerful solution (1 gr. to 20 oz.)of phosphate of ammonia, 
and only one showed even a trace of inflection. Three of 
these leaves, on being left for an o/iditionai day in the solution, 
still remained quite unaffected. Wlien, however, some of these 
leaves, which had been first immersed in water for 24 hrs., and 
then fn the phosphate for 24 hrs. were placed in a solution of 
carbonate of ammonia (one part to 218 of water), the pro- 
toplasm in the cells of the tentacles became in a few hours 
strongly aggregated, showing that this salt had been absorbed 
and taken effect 

A short immersion in wafer for 20 m. did not retard the sub- 
sequent action of the phosphate, or of Bplieters of gloss placed 
on the glands; bat in two instances an immersion for 50 ra. pre- 
vented any effect from a solution of camphor. Several leaves 
which had been left for 20 m. in a solution of one part of white 
sngar to 318 of water were placed in the phosphate solution, 
the action of which was delayed; whereas a mixed solution of 
Buppir and the phosphate did not in the least interfere with the 
effecta of the latter. Three leaves, after being immersed for 20 m. 
in the sugar solution, were placed in a solution of carbonate of 
ammonia (one part to 218 of water) ; in 2 m, or 3 ro. the glands 
were blackened, and after 7 m. the tentacles were considerably 
inflected, so that the solution of sugar, though it delayed the 
action of the phospliate, did not delay that of the carbonate. 
.Immersion in a similar solution of gum arable for 20 m. had nn 
i-etording action on the phosphate. Three leaves were left fn 
^0 ra. in a mixture of one jiatt of alcohol to seven parts of watpr 
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and then placed in the phosphate solution ; in 2 hrs. 15 m. tlieiv^ 
was a trace of infloction in one leaf, and in 5 hre. 30 m, a. eecood 
was Eiightlj affected; ths inflection snbsefinentlj increased, 
though slowly. Ucitco diluted alcohol, which, oa we eliall see, is 
hardly at all poisonous, plainly retards the Buhsequent action (rf 
the phosphate. 

It waa shown in the last chapter that leaves which did not , 
become inflected by nearly a day's immorsion in solutions > 
various salts nnd acids behaved very differently from one oi 
ather when subsequently placed in the phosphate solution, 
here give a table suininiug up the results. 
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Maeneaium ohlorLlf. 
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after 4 hrs. all four leaves with almost 
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a few tentacles, the glands of 

which bad not been killed hy the 

acid. 

Do. do. 
Aftof 50 m. tentacle* decidedly in- 
llbClfd, and after 5 bra. strongly 

24btB. 
Not obMjrved until 24 hrs. bod elapse<l ; 



In & large majority of tliese twenty ca.>iefi, a varying degree of 
inflection was elowly caused by the phosphate. In four eases, 
however, the inflection was lapid, occuiriug iu less than half an 
hour or at most in 50 m. In three eases the pho^phale did not 
produce tiie least effect. Now what are we to infer from these 
fiicte? "We know from t«n trials that immersion in distilled 
vntei for 24 hrs. prevenlB the Bubsequent action of the phos- 
phate solution. It would, therefore, appear as if the solutions of 
chloride of manganese, tannic and tarfaric aci<Is, which are not 
poisonous, acted exactly like water, for the phosphate produced 
no effect on the leaves wliich had been previously immersed 
in these three eolations. The majority of the other solutions 
behaved to a certain estont like water, for the phosphate pro- 
duced, after a considerable interval of time, only a slight eifuct. 
On the other hand, the leaves which had been immersed in the 
Bolutions of the chloride of rubidium and magnesium, of acetate 
of strontium, nitrate of barium, and citric scid, were quickly 
acted on by the phosphate. Now was water absorbed from these 
five weak eolutions, and yet, owing to the presence of the salts, 
did not prevent the subsequent action of the phOephatu? Tr 
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niny we not Buppose* that the inleretices of the walla i 
the glands were bloehed up with the molecuJeH of those fiTe 
Bubetancea, so that they were rendared ini permeable lo water; 
for had wator entered, we know Irom tlie ten triala that the 
phosphate would not afterwards have produced any effect? It 
further appears that the molecules of the carbonate of ammonia 
can quickly puss into glands which, from having been immersed 
for 20 m. in a weak solution of sugar, either absorb the phos- 
phate Terj slowly or are acted on by it very slowly. On the 
other hand, glands, however they may have been treated, setni 
esKiiy to permit >he Bubsequent entrance of the molecules of 
carbonate of ammonia. Thus leaves which had been immersed 
in a solution (of one part to 437 of water) of nitrate of potas- 
sium for 48 hrs. — of sulphate of potassium for 24 hrs. — and of 
the chloride of potassium for 25 hrs, — on being placed in a, 
solution of one part of carbonate of ammonia to 218 of water, 
hod their glands immediately blackened, and after 1 hr. their 
tentacles somewhat inflected, and the protoplasm aggregated. < 
But it would be im endless task lo endeavour to ascertain { 
the wonderfully diversified effects of varit 
Droaera. 

iC part to seven of water). — It has already been shown 
uims of this strength placed on the discs of leaves 
« any inflection ; and that when two days afterwards 
ere given bits of meat, they became Btrongly i 
I leaves were immersed in this mixture, and two of 1 
them after 30 m. were brushed with a camel-hair brush, like ths I 
leaves in the solution of campbor, but this produced no effect. ' 



that half -111" 
do not CI 
the leaves v 
fleeted. 



• See Dr. M. Tranbe'a ouriouB 
siperiiueuts on the produotion of 
artificial oell^ aad od their per- 
meability to VBrions Baits, de- 
aoribed in hii papers ; " Esperi- 
mente zur Theorie der Zellenbil- 
duog and EndoemiMe," BreslUiU, 
\H60: and " Experimente Eur 
phyBiOBliBchen Erklsrimg der Bil- 
diiDg der Zallhaut, ihres Wticha- 
thuma dtirch IntuBsasoeption," 
Brcalau, 1H74. Thesu leecBrclieB 
perliapa a:ipliiin my results. Dr. 
I'raube commonly employed aa a 
membrane the precipitata formed 
when tannio acid onmes into con- 
tact with a golntian of gelatine. 



to take place 
ni lue same time, the membrane 
beoomea "iofiltrated" with this 
salt; ond in conBCqnenco nf the 
jnteircalation of molecules of sul- 
phate of barium among those of 
the gelatme precipitate, the mole- 
cular inteiettcee in the membrane 
are made smaller. In this altered 
oondition, the membrane nn longer 
bHowh the paflflage through it of 
either snlphate of ammonia or 
nitrate of barium, though it ra- 
taiaa ita permeability for wittof 
uid chloride of ammonia. l 
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Nor did these four leaves, on being left for 24 hrs. in the diluted 
alcohol, undergo any inflection. They were then removed ; one 
being placed in an infusion of raw meat, and bits of meat on 
the discs of the other three, with their stalks in water. Next 
day one seemed a little injured, whilst two others showed merely 
a trace of inflection. We must, however, bear in mind that 
immersion for 24 hrs. in water prevents leaves from clasping 
meat. Hence alcohol of the above strength is not poisonous, nor 
does it stimulate the leaves like camphor does. 

The vapour of alcohol acts differently. A plant having three 
good leaves was left for 25 m. under a receiver holding 19 oz. 
with sixty minims of alcohol in a watch-glass. No movement 
ensued, but some few of the glands were blackened and 
shrivelled, whilst many became quite pale. These were scattered 
over all the leaves in the most irregular manner, reminding mo 
of the manner in which the glands were affected by the vapour 
of carbonate of ammonia. Immediately on the removal of the 
receiver particles of raw meat were placed on many of the glands, 
those which retained their proper colour being chiefly selected. 
But not a single tentacle was inflected during the next 4 hrs. 
After the first 2 hrs. the glands on all the tentacles began to 
dry; and next morning, after 22 hrs., all three leaves appeared 
almost dead, with their glands dry; the tentacles on one leaf 
alone being partially inflected. 

A second plant was left for only 5 m. with some alcohol in a 
watch-glass, under a 12-oz. receiver, and particles of meat were 
then placed on the glands of several tentacles. After 10 m. 
some of them began to curve inwards, and after 65 m. nearly 
all were considerably inflected ; but a few did not move. Some 
ansesthethic effect is here probable, but by no means certain. 
A third plant was also left for 5 m. under the same small vessel, 
with its whole inner surface wetted with about a dozen drops of 
alcohol. Particles of meat were now placed on the glands of 
several tentacles, some of which first began to move in 25 m. ; 
after 40 m. most of them were somewhat inflected, and after 
1 hr. 10 m. almost all were considerably inflected. From their 
slow rate of movement there can be no doubt that the glands of 
these tentacles had been rendered insensible for a time by 
exposure during 5 m. to the vapour of alcohol. 

Vapour of Chloroform.— The action of this vapour on Drosera 
is very variable, depending, I suppose, on the constitution or age 
of the plant, or on some unknown condition. It sometimes 
causes the tentacles to move with extraordinary rapidity, and 
sometimes produces no such effect. The glands are sometimes 



il8 DR08EBA ROTUNDIFOLIA, 

tendered for a (jme insensible to the Mtion of raw ment, but 
Bometimua are not thus affected, or in a, very slight degree. A 
plant recoYuta from a small dose, bat ia easily killed bj a larger 



A plant was left for 30 ni. under a bell-glass holding 
19 fluid oz (539'IS ml) »ith eight droje of chloroform, and . 
bufore the cover was removed, most of the tentacles becamo 
much inflected, though thej did not reach the centre. Afler ' 
the cover was remoTed, bit-s of meat were plnccd on the glanda 
of several of the Bomewhat incurved tentacles; these glanda 
were found much blaeltened after 6 hrs. 30 m., bat Co further 
movement ensued. After 21 hrs. the leaves appeared almost 

A smaller h. 11 glasH, holding 12 fluid or.. (SiO'S mL), 
eraployrd, und a plant wiis left for 90 s, under it, with only 
two drops of chloniform. Immediately on the removal of the 
glass all the bittnclee curved inwards so as to stand perpea- 
diisniarly up ; and Mime of them could actually he seen moving 
with extraordinary qnickness by little starts, and therefore in 
(in unnaluriil manner; but they never reached the centre. 
After 22 hie. they fully re-espnndcd, and on meat being placed 
on their glands, or when roughly touched by a needle, they 
promptly becacne inflected; Bo that these leaves had not been 
in the least injured. 

An ither plant was placed under the same small bell-glass 
with three drops of chloroform, and before two minutes had 
elapsed, the tentacles began to curl inwards with rapid little 
jerks. The glnss was then removed, and in the course of two 
or three additional minutes almost every tentacle reached the 
centre. On several other occasions the vapour did not exeit« 
any movement of this kind. 

There seems also to be great variability in the degree and 
manner in which chloroform renders the glands insensible to the 
subsequent action of meat. In the plant last referred to, which 
had been exposed for 2 m. to three drops of chloroform, some 
few tentacles curved up only to a perpendicular position, and 
particles of meat were placed on their glands ; this caused 
tham in 5 m. to be^n moving, but they moved so slowly that 
they did not reach the centre until 1 hr. 30 m. had elapsed. 
Another plant was similarly osposed, that is, for 2 m. to three 
drops of chloroform, and ou particles of meat being placed on 
the glands of several tfntaclcs, which had curved up into o 
perpendicular position, one of these liegan to bend in 8 m., but 
afterwards moved very slowly; whilst none of the other iontacloH 
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moved for the nrit. 40 m. Neverthelew, in 1 hi. 45 m. from the 
time when Iho bit^ of meat had been given, all the leniaclcfi 
reached the centre. In this cose xome slif^lit Hntefithclio effect 
appiircntif had been produced. t)ii the following day the plunt 
biid perfectly recovered. 

Another plant bearing two leaves was exposed for 2 m. nnder 
the 19-07.. \esBel to two drops of chloroforra ; it was then taken 
oat and examined; ngnin exposed for 2 m, to two droi«; 
taken out, and re-eiposed for 3 m. to tiiree drops; so tlint 
altogether it was eiixwed alimnalely to the air and during 
7 m. to the vapour of Heven drops of chloroform. Bite of ntoal 
were now placed on thirteen glands on the two leaves. On one 
of these leaves, a single tentacle first began moving in 40 m., 
and two others in 54 m. On the second leaf eome tenlactcs 
first moved in 1 hr. 11 m. After 2 hrs. many tentacles on both 
leaves were inflected ; but none had reached the centre Tvithin 
this time. In this case there could not be the Ictist doubt tJiat 
the chlorofoim had exerted an onteathi^tic influence on the 
leaves. 

On the other hand, another plant was exposed under the same 
Teasel for a much longer time, viz. 20 m., to twice as much 
chloroform. Bits of neat were then placed on the glands of 
many tentacles, and all of them, with a single exception, reached 
the centre in from 13 m. to 14 m. In thie case, little or no 
anieathetic effect had been produced ; and how to reconcile 
these discordant resnlts, I know not. 

Viipoitr of S'llphnrk HlhrT.— A plant waa exposed for ^0 m. to 
thirty minima of this ether in a veseel holding 19 oz.; and bit* 
of raw meat were afterwards placed on many glanda which bad 
become pale-coloured ; bnt none of the tentacles moved. After 
6 hrs. 30 m. the leaves appeared sickly, and the discai glands 
were almost dry. By the next morning many of the tentacles 
were dead, as were all those on which meat hod been placed; 
showing that matter had been absorbed from the meat which 
had increased the evil effects of the vapour. After four days 
the plant itself died. Another plant was exposed in the same 
vefipel for 15 m. to forty minims. One young, small, and 
tender leaf had oli its tentacles inflected, and seemed much 
injured. Bits of raw meat were placed on several glands on 
two other and older leaves. These glands became dry after 
G lira., and seemed injured ; the tentacles never moved, ejccpt- 
int; one which was ultimately a little inflected. The glatids of 
till' other tentacles continued to secrete, and appeared uninjured, 
mit the "hole plant after three davs Iiecarae vcrj sickly. 
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In the two foregoing eiperimenfa the doses were evidently too 
large and poi^nuua. With weaker doaes, the tmsstlielic effect 
was variable, as in the case of chloroform. A plant was exposed 
for 5 m. to ten drops under a. 12-oz. TeaBel, and bits of meat were 
then placed on man; glan^lB. None of the tentacles thiie treatud 
began to move in a decided manner until 40 m. had elapsed ; but 
then some of them mo?ed very quickly, so that two reached the 
centre after an additional interval of only 10 ra. In 2 hrs. 12 ir 
from the time when the meat was given, all the tentacles reached 
the centre. Another plant, with two leaves, was ezpoeed in the 
same vessel for 5 m. to a rather larger dose of ether, and bit^ of J 
meat were placed on several glands. In this case one tentacle 
on each leaf began to bend in5in.; and after 12 m. two tentacloe ' 
on one leaf, and one on the second leaf, reached the centre. 
30 m. after the meat had been given, all the tentacles, both those ' 
with and without meat, were closely toflected ; so that the ether 
apparently had stimnlatcd these loaves, causing all the tentacles i 
to bend. 

P'lipouT of Nitric Rlher.— This vapourseems more injurious thaa I 
that of sulphuric ether. A plant was exposed for 5 ra. in a 12- 
oz. vesse! to eight drops in a watch-glass, and I distinctly saw a 
few tentacles curling inwards before the glass was removed. 
Immediately afterwards bits of meat were placed on three 
glands, but no movement ensued in the course of 18 m. Tha 
same plant was placed again under the same vessel for 16 m 
with ten drops of the ether. None of the tentacles moved, 
and nest morning those with the meat were still in the same 
position. After 48 hrs. one leaf seemed healthy, bnt the others 
were much injured. 

Another plant, having two good leaves, waa eiposed for 6 m. 
under a 19-oz. vessel to the vapour from ten minims of the 
ether, and bits of moat were then placed on the glands of many 
tentacles on t»th leaves. After 36 m. several of them on one - \ 
leaf became inflected, and after 1 hr. almost all the tentacles, 
those with and without meat, nearly reached the centre. On 
the other leaf the glands began tu dry in 1 hr, 40 m., and after 
several hours not a single tentacle was inflected ^ but by the 
next morning, after 21 hrs., many were inflected, though they 
seemed much injured. In this end the previous experiment, 
it is doubtful, owing to the injury which the leaves had suflored, 
whether any anassthetio effect had been produced. 

A third plant, having two good leaves, was exposed for only 
4 m. in the 19-oz. vessel to the vapour from six djops. Bits of 
meat were then placed on the glands of seven tentacles oi 
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Bame leaf. A single tentacle movod after 1 hr. 23 m. ; after I 

2 hre. 3 m. Bereral were inflected ; and after 3 brs. 3 m. all the 
MTen tentacloB with meat were well inflected. From the bIow- 
neaa of these inovenieiit-s it is eli^ar that this leaf had been 
rendered insenBihla for a time to the action of the meat. A 
Becond leaf was rctber differently affected; bits of meat wras 
placed on the glands of five tentacles, throe of which were 
Bli(!;htlj infiected in 28 id.; after 1 he 21 m. one reached the 
centre, but the other two were still only alightlj inflected; Bflor 

3 hra. they were much more iuBected; but even after 6 hrs. 
16 m. all fi^e had not reached the centre, AUhongh aomo of 
tlie tentftclea began to move moderately soon, lliey afterwards 
moved with extreme Blowness. By next morning, after 20 hrs., 
most of the tentacles on both lenvea were closely inflected, but 
not quite regnlarly. After 48 hrs. neither leaf appeared injured, 
tbongh the tentacles were still inflected; after 72 hre. one 
was almost dead, whilst the other was re-eipaoding and 
recovering. 

t-'(M-twi(c ^ciii.— Aplant was placed iinder a 122-oz. bell-glaffl 
filled with this gas and standing over water ; but 1 did not make 
BufBcient allowance for the absorption of the gas by the watoTj 
so that towards the latter part of the experiment soDie air was 
drawn in. After an exposure of 2 bra. the plant was removed, 
and tiitsof raw meat placed on the glands of tlu'ee leaves. One of 
these leaves hung a little down, and was at first partly and soon 
afterwards completely covered by the water, which nsse within 
the vessel as the gas was absorbed. On thia latter leaf the 
tentaeicfi, to which meat had been given, became well inflected 
in 2 m. 30 s., that is, at about tlie normal rate ; so that until 
I remembered that the leaf had been protected from the gas, 
and might perhaps have altsorbed oxygen from the water 
which was continually drawn inwards, I falsely concluded that 
the carbonic acid had prodnced no effect. On the other two 
leaves, the tentacles with meat behaved very diffeteutly from 
those on the first leaf; two of them first began to move slighlly 
in 1 hi. 50 m., always reckoning from the time when the meat 
waa placed on the glands — were plainly inflected in 2 hra. 
22 m. — and in 3 hra 22 m. reached the centre. Three other 
tentacles did not begin to move until 2 hrs, 20 m. had elapsed, 
but reached the centre at about the same time with the others. 
Viz. in 3 hra. 22 m. 

This ex]jeriment waa repeated several times with nearly the 
Bame results, excepting that the interval before the tentaclea 
began to move varied a little. I will give only one other case. 
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A plant was exposed in the sarne TGPsel to the gas for 45 iii.,aJid 
bits of meat were then placed nn four glriiids. But the ten- 
taclea did not move fur 1 hr. 40 m. ; after 2 lirs. 30 m. all fouf 
were well inflected, and after 3 hra. reached the centre. 

The following einp^lar phenomenon Bometiraes, but by n*, 
means always, oceurred. A plant was immersed for 2 hra,, and 
hits of laoQt were then placed on several glands. In the coursa 
of 13 m. all the submarginal tentacles on one leaf hecame con- 
Biderablf inflected; those with the meat not iti the leiut degree 
more than the others. On a second leaf, which was rather 
old, the teataoles with meat, as weil as a few others, were 
moderately inflected. On a third leaf nil the tentacles were 
closely inflected, though meat had Dot heen placed on any of 
the glands. This movement, I presume, may be attribnted to 
excitement from the absorption of oxygen. The last-mentioned 
leaf, to which no meat had been given, was fully re-espanded 
after 24 hra. ; whereas the two other leaves had all their ten- 
tacles closely inflected over the bits of meat which by this time 
had been carried to their centres. Thus these three leaves 
had perfectly recovered from the effects of the gas in the course 
ofSihrs. 

On another occasion some fine plants, after having been left 
for 2 hrs, in the gaa, were immediately given bits of meat in the 
usual manner, and on their exposure to the air most of their 
tentaclca became in 12 m. curved into a vertical or sub-vertical 
position, but in an extremely irregular manner ; some only on one 
side of the leaf and some on the other. They remained in this 
position for some time; the tentacles with the bits of meat not 
having at first moved more quickly or farther inwards than the 
others without meat. But after 2 hra. 20 m. the former began 
to move, and steadily went on bending until they reached the 
centre. Nest morning, after 22 hrs., all the tentacles on these 
leaves were closely clasped over the meat which had been carried 
to their centres; whilst the vertical and suh-rertical tentacles on 
the other leaves to which no meat had been given had fully 
re-expanded. Judging, however, from the snbseqnont action of 
a weak solution of carbonate of ammonia on one of these latter 
leaves, it had not perfectly recovered its excitability and power 
of movement in 22 hrs. ; but another leaf, after an nddilional 
24 hra., had completely recovered, jndging from the 
which it clasped a fly placed on its disc, 

I will give only one other experiment After the exposure 
a plant for 2 hrs. to the pas, one of its leaves was immersed 
a rmlier strong solution of carbonate of nnimoniii. tiigether with 
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B fresh leaf from another plant. The latter hitd most of ita 
tentacles alroag! j inflected within 30 m. ; whereas the leaf which 
bad boea eipoxed to the carbonic acid remained for 2i hrs. in 
the Golntion without undergoing anf inSectiun, with the excep- 
tion of two teDtacles. This leaf had been ahuoet complutislf 
pnraljaed, and was not able to recover its eenaihility whilst rtill 
in the solution, which from having been made with di&Ulled 
nater probably cuntalncd little oxygen. 

Oonduding RemarJca on the Effects of the foregoing 
Agents. — ^Ab the glands, when excited, transmit aomo 
mfluence to the surrounding tentacles, causing them 
to bend and their glands to pour forth lui increased 
amount of modified secretion, I was anxious to 
ascertain whether the leaves inchided any element 
having the nature of nerve-tissue, which, though 
not continuouSj served as the channel of transmission. 
This led me to try the several alkaloids and other 
substances which are known to exert a powerful in- 
fluence on the nervous system of animals. I was at 
first encouraged in my trials by finding that strych- 
nine, digitaline, and nicotine, which all act on the 
nervous system, were poisonous to Drosera, and caused 
a certain amount of inflection. Hydrocyanic acid, 
again, which is so deadly a poison to animals, caused 
rapid movement of the tentacles. But as several in- 
nocuous acids, though much diluted, such as benzoic, 
acetic, &c., as well as some essential oils, are ex- 
tremely poisonous to Drosera, and quickly cause 
strong inflection, it seems probable that strychnine, 
nicotine, digitaline, and hydrocyanic acid, excite in- 
flection by acting on elements in no way analogous 
to the nerve-cells of animals. If elements of this 
latter nature had been present in the leaves, it might 
have been expected that morphia, hyoscyamus, atro- 
pine, veratrine, colchicine, curare, and diluted alcoh()l 
would have produced some marked effect ; whereiis 
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these substances are not poisonous and have no power, 1 
or only a very slight one, of inducing inflection. It | 
should, however, be observed that curare, colchicine, 
and veratrine are muscle-poisons — that is, act on 
nerves having some special relation with the muscles, 
and, therefore, could not be expected to act ou Droaera. 
The poison of the cobra ia moat deadly to animals, 
by paralysing their nerve-centres," yet is not in the 
least ao to Droaera, though quickly cauaing strong j 
inflection. 

Notwithstanding the foregoing facts, which show . 
how widely different is the effect of certain snbatai 
on the health or life of animals and of Drosera, yet | 
there exista a certain degree of parallelism in the 
action of certain other subatancea. We have seen that 
this holds good in a striking manner with the salts of ' 
sodium and potassium. Again, various metallic salts 
and acida, namely those of silver, mercury, gold, tin, 
arsenic, chromium, copper, and platina, most or all of 
which are highly poisonous to animals, are equally so 
to Drosera. liut it is a singular fact that the chloride 
of lead and two salts of barium were not poisonous to 
this plant. It is an etjually strange fact, that, though 
acetic and propionic acida are highly poisonous, their 
ally, formic acid, is not so ; and that, whilst certain 
vegetable acids, namely oxalic, benzoic, &c., are 
poisonous in a high degree, gallic, tannic, tartaric, and 
malic (all diluted to an equal degree) are not so. 
Malic acid induces inflection, whilst the three other 
just named vegetable acids have no such power. But 
a pharmacopoeia would be requisite to describe the 
diversified effects of various substances on Drosera.f 




' Dr. Fiivrsr, 'The Thanato- cjanlo, and ohrnmio sdr^B, n 
vlia of India,' 1872, p. 4. tate of * ' ' 

^ Suijiiig that acetic, hyiiro- ether, 
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or the alkalui'la and their aaJts whioh were tried, 
Bi;veral tiad not the least power of inducing inflection; 
others, whieh were certainly absorhed, as shown by the 
ehaiiged colour of the glands, had but a very mode- 
rate power of this kind ; others, again, such as the 
acetate of quinine and digitaline, caused strong in- 
flection. 

The several substances mentioned in this chapter 
affect the colour of the glands very differently. These 
often become dark at first, and then very pale or 
white, as was conspicuously the case with glands 
subjected to the poison of the cobra and citrate of 
strychnine. In other cases they are from the first 
rendered white, as with leaves placed in hot water and 
several acids ; anti tliis, I presume, is the result of the 
coagulation of the albumen. On the same leaf some 
glands become white and others dark-coloured, as 
occurred with leaves in a solution of the sulphate of 
quinine, and in tlie vapour of alcohol. Prolonged im- 
mersion in nicotine, curare, and even water, blackens 
the glands ; and this, I believe, is due to the aggre- 
gation of the protoplasm within their cells. Yet 
curate caused very little aggregation in the cells of 
the tentacles, whereas nicotine and sulphate of quinine 
induced strongly marked aggregation down their 
bases. The aggregated masses in leaves which had 
been immersed for 3 hrs, 15 m. in a saturated solu- 
tion of sulphate of quinine exhibited incessant 



it is remaikable tbnt Dr. RanBom 
('Pliilosoph. TranBaet." 1K(17, p. 
490), who used loiiph stmnger 
Bolutiooa of these HubEtaiices tliun 
I did, states "that the iliythmio 
oontractilitj of the yolk (of the 
ova of the piha) ie unt materiuUj 
iiilluenoed by any of tha poiaona 
OBCiJ, n-hich did not act chcmi- 



oatly, vith tlifi eioeptinn of chloro- 
form and catbnuto acid." I find, 
it stated by several writers that 
curare has no inflncuce on saiooda 
or protoplaBin, aod we have seen 
that, though cnraie eioites some 
degree of inBcctian, it oausvs very 
little agi^rcgntion of the protu- 
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changes of form, but after 24 hrg, were motionless; 
the leaf being flacoid and apparently dead. On the I 
other hand, with leaves subjected for 48 hrs. to a | 
strong solution of the poison of the cobra, the proto- 
plasmic mosses were unusually active, whilst with ] 
the higher animals the vibratile cilia and white ] 
corpuscles of the blood seem to be quickly paralysed J 
by this aubstauce. 

With the salts of alkalies and earths, the nature of \ 
the base, and not that of the acid, determines their 
physiological action on Drosera, as is likewise the case 
with animals ; but this rule hardly applies to the salts 
of quinine and strychnine, tor the acetate of quinine 
causes much more inflection than the sulphate, and 
both are poisonous, whereas the nitrate of quinine is 
not poisonous, and induces inflection at a much slower 
rate than the acetate. The action of the citrate of 1 
strychnine is also somewhat different from that of the 
sulphate. 

Leaves which have been immersed for 24 hrs. in 
water, and for only 20 m. in diluted alcohol, or in a 
weak solution of sugar, are afterwards acted on very 
slowly, or not at all, by the phosphate of ammonia, 
though they are quickly acted on hy the carbonate. 
Immersion for 20 m. in a solution of gum arabic has 
no such inhibitory power. The solutions of certain 
salts and acids affect the leaves, with respect to the 
subsequent action of the phosphate, exactly like water, 
whilst others allow the phosphate afterwards to act 
quickly and energetically. In this latter case, the 
interstices of the cell-walls may have been blocked up 
by the molecules of the salts first given in solution, 
BO that water could not afterwards enter, though the 
molecules of the phosphate could do so, ami those of 
Uh' ciirhonate still more easily. 
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Tlie action of camphor dissolved in water ia remark- 
able, for it not only soon induces inflection, but 
apparently renders the glands extremely sensitive to 
mechanical irritation ; for if they are brushed with a 
soft brush, after being immersed in the solution fur 
a short time, the tentacles begin to bend in about 
'2 m. It may, however, be that the brushing, 
though not a suiScient stimulus by itself, tends to 
excite movement merely by reinforcing the direct 
action of the camphor. The vapour of camphor, on 
the other hand, serves as a narcotic. 

Some essential oils, both in solution and in vapour, 
cause rapid inflection, others have no such power ; 
those which I tried were all poisonous. 

Diluted alcohol (one part to seven of water) is not 
poisonous, does not induce inflection, nor increase the 
sensitiveness of the glands to mechanical irritation. 
The vapour acta as a narcotic or anassthetic, and long 
exposure to it kills the leaves. 

The vapours of chloroform, sulphuric and nitric 
ether, act in a singularly variable manner on different 
leaves, and on the several tentacles of the same leaf. 
This, I suppose, is owing to difl'erences in the age or 
constitution of the leaves, and to whether certain 
tentacles have lately been in action. That these 
vapours are absorbed by the glands is shown by their 
changed colour ; but as other plants not furnished 
with glands are affected by these vapours, it is 
probable that they are likewise absorbed by the sto- 
mata of Drosera, They sometimes excite extraordi- 
narily rapid inflection, but this is not an invariable 
result. If allowed to act fox even a moderately long 
time, they kill the leaves ; whilst a small dose acting 
for oidy a short time serves as a narcotic or anaesthetic. 
In this case the tentaclea, whether or not they have 
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become inflected, are not excited to further moTe- ■ 
roent by bits of meat placed on the glands, until 
some considerable time has elapsed. It is generally 
believed that with animals and plants these vapours 
act by arresting oxidation. 

Exposure to carbonic acid for 2hrs., and in one casaB 
for only 45 m., likewise rendered the glands insensiblffB 
for a time to the powerful stimulus of raw meat. The'C 
leaves, however, recovered their full powers, and did' I 
not seem in the least injured, on being left in the -I 
air for 24 or 4S brs. We have seen in the third I 
chapter that the process of aggregation in leaves sub- I 
jected for two hours to this gas and then immersed i 
a sohition of the carbonate of ammonia is much re- 
tarded, so that a considerable time elapses before the 1 
protoplasm in the lower cells of the tentacles becomes \ 
aggregated. In some cases, soon after the leaves were 1 
removed from the gas and brought into the air, the I 
tentacles moved spontaneously ; this being due, 1 pr&» f 
surae, to the excitement from the access of oxygen, j 
These inflected tentacles, however, could not be ex- 
cited for some time afterwards to any further move- I 
ment by their glands being stimulated. With t 
irritable plants it is known • that the exclusion of j 
oxygen prevents their moving, and arrests the movfr- ' 
menls of the protoplasm within their cells, but this 
arrest is a different phenomenon from the retardation 
of the process of aggregation just alluded to. Whether 
tliia latter fact ouglit to he attributed to the direct 
action of the carbonic acid, or to the exclusion at I 
osygen, I know not. 
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We have seen in the previous chapters that many 
widely diiferent stimulants, mechanical and chemical, 
excite the movement of the tentacles, as well as of the 
blade of the leaf; and we must now consider, firstly, 
what are the points which are irritable or sensitive, 
and secondly how the motor impulse is transmitted 
from one point to another. The glands are almost 
exclusively the scat of irritability, yet this irritability 
must extend for a very short distance below them; 
for when they were cut off with a sharp pair of 
scissors without being themselves touched, the ten- 
tacles often became inflected. These headless ten- 
tacles frequently re-expanded ; and when aft^rwanla 
drops of the two most powerful known stimulants were 
placed on the cut-off ends, no efTect was produced. 
Nevertheless theso headless tentacles are capable of 
subsequent inflection if excited by an impulse sent 
from the disc. I succeeded on several occasions in 
crushing glands between fine pincers, but this did 
not excite any movement ; nor did raw meat and salts 
of ammonia, when placed on such crushed glands. 
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It is probable Ihat they were tilled bo instantly that! 
they were not able to transmit any motor impulse ; fori 
in six observed cases (in two of which however the I 
gland wua quite pinched off) the protoplasm R-ithin I 
the cells of the tentacles (lid not become aggregated;'] 
whereas in some adjoining tentacles, which were I 
inflected from having been roughly touched by the I 
pincers, it was well aggregated. In like manner tha | 
protoplasm does not become aggregated when a les 
instantly killed by being dipped into boiling water, j 
On the other hand, in several cases in which tentacles 1 
became inflected after their glands had been cut ofT ] 
with sharp scissors, a distinct though moderate degree / 
of aggregation supervened. 

The pedicels of the tentacles were roughly and re- I 
peatedly rubbed ; raw meat or other exciting sub- 1 
stances were placed on them, both on the upper 1 
surface near the base and elsewhere, but no dia- 1 
tinct movement eusned. Some bits of meat, after 
being left for a considerable time on the pedicels, ] 
were pushed upwards, so as just to touch the glands, 
and in a minute the tentacles began to bend. I ' 
believe that the blade of the leaf is not sensitive to 
any stimulant. I drove the point of a lancet through 
the blades of several leaves, and a needle three or four 
times through nineteen leaves : in the former case 
no movement ensued ; but about a dozen of the leaves 
which were repeatedly pricked had a few tentacles 
irregularly inflected. As, however, their backs had 
to be supported during the operation, some of the 
outer glands, as well as those on the disc, may have 
been touched ; and this perhaps sufliced to cause the | 
slight degree of movement observed. Nitschke* saya 
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that cutting aud pricking the leaf does not excite 
movement. The petiole of the leaf is quite insensible, i 

The backs of the knaves bear numerous minute I 
papilla?, which do not secrete, but have the (lOwer of 1 
ab*irption. These papillai are, I believe, rudiments 
of formerly existing tentacles together with their 
glands. Many experiments were made to ascertain 
whether the backs of the leaves could be irritated in 
any way, thirty-seven leaves being thus tried. Some 
were rubbed for a long time with a blunt needle, 
and drops of milk and other exciting fluids, raw 
meat, crushed flies, and various substances, placed on 
others. These substances were apt soon to become 
dry, showing that no secretion had been excited. 
Hence I moistened them with saliva, solutions of 
ammonia, weak hydrocliloric acid, and frequently with 
the secretion fi'om the glands of other leaves, I 
also kept some leaves, on the backs of which exciting 
objects had been placed, under a damp bell-glass ; but 
with all my care I never saw any true movement. I 
was led to make so many trials because, contrary to 
my previous experience, Nitschke states' that, after 
affixing objects to the backs of leaves by the aid of 
the viscid secretion, he repeated!// saw the tentacles 
(and in one instance the blade) become reflexed. 
This movement, if a true one, would be most ano- 
malous; for it implies that the tentacles receive a 
motor impulse from an utinatuial source, and have 
the power of bending in a direction exactly the 
reverse of that which is habitual to them ; this power 
not being of the least use to the plant, as insects 
cannot adhere to the smooth bocks of the leaves. 

1 have said that no efi'ect was produced in the above 
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cases ; but this is not strictly trne, for in three 
stances a little synip was added to the bits of ravj 
meat on the backs of leaves, in order to keep them, 
damp for a time ; and after 36 hrs. there was i 
of reflexion in the tentacles of one leaf, and cer- 
tainly in the blade of another. After twelve addi- 
tional hours, the glands began to dry, and all three 
leaves seemed much injured. Four leaves were then 
placed under a bell-glass, with their footatalka in 
water, with drops of syrup on their backs, but without 
any meat. Two of these leaves, after a day, had a few 
tentacles reflexed. The drops had now increased con- 
siderably in size, &om having imbibed moisture, so 
as to trickle down the backs of the tentacles and 
footstalks. On the second day, one leaf had its 
blade much reflexed ; on the third day the tentacles 
of two were much reflexed, as well as the blades of 
all four to a greater or less degree. The upper side 
of one leaf, instead of being, as at first, slightly 
concave, now presented a strong convexity upwards. 
Even on the fifth day the leaves did not appear dead. 
Now, as sugar does not in the least excite Drosera, 
we may safely attribute the reflexion of the blades 
and tentacles of the above leaves to exosmose from 
the cells which were in contact with the syrup, and 
their consequent contraction. When drops of syrup 
are placed on the leaves of plants with their roots still 
in damp earth, no inflection ensues, for the roots, no 
doubt, pump up water as quickly as it is lost by 
exosmose. But if cut-off leaves are immersed in 
syrup, or in any dense fluid, the tentacles are greatly, 
though irregularly, inflected, some of them assuming 
the shape of corkscrews ; and the leaves soon becomb 
flaccid. If they are now immersed in a fluid of low 
specific gravity, the tentacles re-expand. From these 
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facta we may conclude that drops of syrup placed on 
the backs of leaves do not act by exciting a motor 
impulse which is transmitted to the tentacles ; but 
that they cause reflexion by inducing exosmose. 
Dr. Nitschke used the secretion for sticking insecta 
to the backs of the leaves; and I suppose that he 
used a large quantity, which from being dense pro- 
bably caused exosmose. Perhaps he experimented on 
cut-off leaves, or on plants with their roots not supplied 
with enough water- 
As far, therefore, as our present knowledge serves, 
we may conclude that the glands, together with the 
immediately underlying cells of the tentacles, are 
the exclusive seats of that irritability or sensitiveness 
with which the leaves are endowed. The degree to 
which a gland is excited can be measured only by 
the number of the surrounding tentacles which are in- 
flected, and by the amount and rate of their move- 
ment. Equally vigorous leaves, exposed to the same 
temperature (and this is an important condition), 
are excited in different degrees under the following 
circumstances. A minute quantity of a weak solu- 
tion produces no effect ; add more, or give a rather 
stronger solution, and the tentacles bend. Touch 
a gland once or twice, and no movement follows ; 
touch it three or four times, and the tentacle becomes 
inflected. But the nature of the substance which is 
given is a very important element : if equal-sized par- 
ticles of glass (which acts only mechanically), of 
gelatine, and raw meat, are placed on the discs of 
several leaves, the meat causes far more rapid, ener- 
getic, and widely extended movement than the two 
former substances. The number of glands which are 
excited also makes a great difference in the result : 
place a bit of meat on one or two of the disciil 
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glands, and only a, few of the immediately Burround- 
ing short tentacles are inflected ; place it on several 
glands, and many more are acted on ; place it on 
thirty or forty, and all the tentacles, including the 
extreme marginal ones, became closely inflected. We 
thus see that the impulses proceeding from a number 
of glands strengthen one another, spread farther, and. 
act on a larger number of tentacles, than the 
pidae from any single gland. 

Transmission of the Motor Impulse. — In every 
the impulse from a gland has to travel for at least 
a short distance to the basal part of the tentacle, 
the upper part and the gland itself being merely 
carried by the inflection of the lower part. The 
impulse is thus always transmitted down nearly 
the whole length of the pedicel. "When the central 
glands are stimulated, and the extreme marginal ten- 
tacles become inflected, the impulse is transmitted 
across half the diameter of the disc ; and when the 
glands on one side of the disc are stimulated, the 
impulse is transmitted across nearly the whole width 
of the disc. A gland transmits its motor impulse 
far more easily and quickly down its swn tentacle 
to the bending place than across the disc to neigh- 
bouring tentacles. Thus a minute doso of a very 
weak solution of ammonia, if given to one of the 
glands of the exterior tentacles, causes it to bend and 
reach the centre ; whereas a large drop of the same 
solution, given to a score of glands on the disc, will 
ni5t cause through their combined influence the least 
inflection of the exterior tentacles. Again, when a 
bit of meat is placed on the gland of an exterior 
tentacle, I have seen movement in ten seconds, and 
repeatedly within a minute ; but a much larger bit 
placed on several glands on the disc does not cause 
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the exterior tentacles to bend until half an hour or 
even several hours have elapsed. 

The motor impulse spreads gradually on all sides 
from one or more excited glanda, so that the ten- 
tacles which stand nearest are always first affected. 
Hence, when the glands in the centre of the disc 
are excited, the extreme marginal tentacles are the 
last inflected. But the glands on different parts of 
the leaf transmit their motor power in a somewhat 
different manner. If a hit of meat he placed on 
the long-headed gland of a marginal tentacle, it 
quickly transmits an impulse to its own bending 
portion ; but never, as far as I have observed, to the 
adjoining tentacles ; for these are not affected until 
the meat has been carried to the central glands, 
wliich then radiate forth their conjoint impulse on all 
sides. On four occasions leaves were prepared by 
removing some days previously all the glands from 
the centre, so that these could not be excited by 
the bits of meat brought to them by the inflection of 
the marginal tentacles ; and now these marginal ten- 
tacles re-expanded after a time without any other 
tentacle being affected. Other leaves were similarly 
prepared, and bits of meat were placed on the 
glands of two tentacles in the third row from the out- 
side, and on the glands of two tentacles in the fifth 
row. In these four cases the impulse was sent 
in the first place laterally, that is, in the same 
concentric row of tentacles, and then towards the 
centre; but not centrifugal ly, or towards the ex- 
terior tentacles. In one of these cases only a single 
tentacle on each side of the one with meat was 
affected. In the three other cases, from half a dozen 
te a dozen tentacles, both laterally and towards the 
centre, were well inflected or sub-inflected. Lastly, in 
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ten other ezperimentB, minute bits of meat were placed 
on a single gland or on two glands in the centre of tbe 
disc. In Older that no other glands shoidd touch 
the meat, through the inflection of the closely adjoin- 
ing short tentaeleg, ahout half a dozen glands had 
been previously removed round the selected ones. On 
eight of these leavea from sixteen to twenty-five of the 
short surrounding tentacles were inflected in the course 
of one or two days ; bo that the motor impulae radiat- 
ing from oue or two of the discal glands la able to 
produce this much effect. The tentacles which had 
been removed are included in the above numbers ; for, 
from standing so close, they would certainly have been 
affected. On the two remaining leaves, almost all tha 
short tentacles on the disc were inflected. With a 
more powerful stimulus than meat, namely a little 
phosphate of lime moistened with suliva, I have seen 
the inflection spread still farther from a single gland 
thus treated ; but even in this case the three or four 
outer rows of tentacles were not affected. From these 
experiments it appears that the impulse from a single 
gland on the disc acts on a greater number of ten- 
tacles than that from a gland of one of the exterior 
elongated tentacles ; and this probably follows, at 
least in part, from the impulse having to travel a very 
short distance down the pedicels of the central ten- 
tacles, so that it is able to spread to a considerable! 
distance all round. 

Whilst examining these leaves, I was struck with the' 
fact that in six, perhaps seven, of them the tentacles'! 
were much more inflected at the distal and proxi- 
mal ends of the leaf {i. e. towards the apex and base) 
than on either side ; and yet the tentacles on the sides 
stood as near to the gland where the bit of meat lay 
as did those at the two ends. It thus appeared 
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if the motor impulse was transmitted from tlie centre 
across the disc more readily in a longitudinal than 
in a transverse direction ; and as this appeared a 
new and interesting fact in the physiology of plants, 
thirty-five fresh esperimenta were made to teat its 
truth. Minute bits of meat were placed on a single 
gland or on a few glands, on the right or left side of 
the discs of eighteen leaves ; other bits of the same 
size being placed on the distal or proximal ends of 
seventeen other leaves. Now if the motor impulse 
were transmitted with equal force or at an equal rat© 
through the blade in all directions, a hit of meat 
placed at one side or at one end of the disc ought to 
affect equally all the tentacles situated at an equal 
distance from it; but this certainly is not the case. 
Before giving the general results, it may be well to 
describe three or four rather unusual cases. 



(1) A minute fragment of ft fly was placed on one Ride of llie 
dJBO, and after 82 m. Beven of the outer tentacles near the bap:- 
ment were infleuled; after 10 hre. BOvetal mora become Bo, and 
after 23 hrs. a still greater tiumt>er ; and now tlie blade of the 
leaf on this side was bent inwards so as to stand np at right 
angles to the other side. Neither the blade of the leaf nor a 
single tentacle on the opposite side was affected; the line of 
separation between the two halves eitendicg from the footstalk 
to the apex. The leaf remained in this state for three days, 
and on the fourth day began to re-espand; not a single ten- 
tacle having been inflected on the opposite side. 

(3) I will here give a ease not included in the above thirty- 
five experiments. A small fly was found adhering hy its feet to 
the left side of the disc. The tentacles on this side Boon closed 
in and killed the fly ; and owing probably to its etrnggle whilst 
Alive, the leaf was so much excited that in about 24 hrs. all the 
tentacles on the opposite side became inflected; but as they 
founil no prey, for tlieir glanda did not rt'auh the fly, they re- 
expanded in the course of 15 hrs. ; the tentacles on the left side 
remaining clasped for several days. 

(3) A bit of meat, rather larger than tho.'0 rommonly u.-ul, 



wu placed in a medial line at the basal eti<l of the disc, n 
the foatBlolk; after 2 hrx. 30 m. EOme Deighbouring tentacles 
were inflocted ; aFtei 6 lira, the tentacles on both eides of tlie 
fontetalk, aud -florae way up both Bides, wera moderately in- 
fiecled; after 8 hre. the tentacles at the further or diHtal end 
were more iaflecled than thuRe on either side; after 23 hrs. 
the meat was well ciaaped by all the tentacles, excepting by tha 
exterior ones on Ihe two sides. 

(4J Another bit of meat was placed at the opposite or distal 
end of another leaf, with exactly the eame relative results. 

(5) A mzBute bit of meat was plated on one Eide of the disc^, 
next day the iicif:hbouriiig short tentacles were inflected, as 
well as in B slight degree three or four on the opposite E^ide 
near the footstalt. On the second day these latter tentacles 
showed signs of re-expanding, so J added a fresh bit of meat 
at nearly the same spot, and after two days some of the short 
tcntnclea on the opp>site hide of the disc were inflected. As 
soon as these began to re-expand, I added another hit of meat, 
and next day all the tentacles on the opposite side of the diss 
■were inflected towards the meaf. ; whereas we have seen that 
those on the same aide were affected by the first bit of meat 
which was given. 



Now for the general results. Of tlie eigliteen leaves 
on which bits of meat were placed on the right 
or left sides of the disc, eight had a vast number of 
tentacles inflected on the same side, itnd in four of 
them the blade itself on this side was likewise in- 
flected ; whereas not a single tentacle nor the blade 
was affected on the opposite side. These loaves pre- 
sented a very curious appearance, as if only the ia- 
flected side was active, and the other paralysed. In the i 
remaining ten cases, a few tentacles became inflected 
beyond the medial line, on the side opposite to that 
where the meat lay ; but, in some of these cases, only 
at the proximal or distal ends of the leaves. The 
inflection on the opposite side always occurred con- ' 
siderably after that on the Bame side, and in one in- 
Etance not until the fourth day. We have ahm seen 
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with No, 5 that bits of meat had to be added thric« 
before all the short tentacles on the opposite aide of I 
the disc were inflected. 

The residt was widely different when bits of meat , 
were plaeed in a medial line at the distal or proximal 
ends of tbe disc. In three of the seventeen experi- 
ments thus made, owing either to the state of tbe leaf 
or to the smallneas of the bit of meat, only the im- 
mediately adjoining tentacles were affected; but in the ' 
other fourteen cases the tentacles at the opposite end 
of the leaf were inflected, though these were as distant 
from where the meat lay as were those on one aide of 
the disc irora the meat on the opposite side. In some 
of the present cases the tentacles on the sides were not 
at all affected, or in a less degree, or after a longer 
interval of time, than those at tbe opposite end. One 
set of experiments is worth giving in fuller detail. 
Cubes of meat, not quite so small as those usually em- 
ployed, were placed on one side of the discs of four 
leaves, and cubes of the same size at the proximal 
or distal end of four other leaves. Now, when these 
two sets of leaves were compared after an interval of 
24 hrs,, they presented a striking difference. Those 
having the cubes on one side were very slightly 
affected on the opposite side ; whereas those with tbe 
cubes at either end bad almost every tentacle at tbe 
opposite end, even the marginal ones, closely in- 
flected. After 48 hrs. the contrast in the state of the 
two seta was still great; yet those with the meat on 
one side now had their discal and submarginal ten- 
tacles on the opposite side somewhat inflected, this 
being due to the large size of the cubes. Finally we 
may conclude fi'om these thirty-five experiments, not 
to mention the six or seven previous ones, that the 
motor impulse is transmitted from any single gland 
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or small group of glands throngh ihe K*de to i 
otlier tentacles more readily and efFectually in t 
longitudinal than in a transTerse direction. 

As long as the glands remain excited, and this n 
last for many days, even for eleyen, as when in contact 
with phosphate of lime, they continue to transmit a 
motor impulse to the basal and bending parts of their 
own pedicels, for otlierwise they would re-expand. The 
great difference in the length of time during which 
tentacles remain inflected over inorganic objects, and 
over objects of the same size containing soluble nitro- 
genous matter, proves the same fact. But the intensity 
of the impulse transmitted from an excited gland, 
which has begun to pour forth its acid secretion and 
is at the same time absorbing, seems to be very small 
compared with that which it transmits when first ex- 
cited. Thus, when moderately large bits of meat were 
placed on one side of the disc, and the diacal and sub- 
marginal tentacles on the opposite side became in- 
flected, so that their glands at last touched the meat 
and absorbed matter from it, they did not transmit 
any motor influence to the exterior rows of tentacles 
on the same side, for these never became inflected. 
If, however, meat had been placed on the glands of 
these same tentacles before they had begun to secrete 
copiously and to absorb, they undoubtedly would have 
affected the exterior rows. Nevertheless, when I gave 
some phosphate of lime, which is a most powerful 
stimulant, to several aubmarginal tentacles already 
considerably inflected, but not yet in contact with 
some phosphate previously placed on two glands in the 
centre of the disc, the exterior tentacles on the same 
side were acted on. 

When a gland ie first excited, the motor impulse is 
discharged within a few seconds, as we know from the J 



Ca*]'. X. TEAKaraSSION OF MOTOB IMPTILSE. 



241 



bending of the tentacle; and it appears to be dis- . 
charged at first with much greater ibrce than aft^r- | 
wards. Thus, in the caae above given of a small fly 
naturally caught by a few glands on one side of a leaf, 
an impulse was slowly transmitted from them aui-osa 
the whole breadth of the leaf, causing the opposite 
tentacles to be temporarily inflected, but the glands 
which remained in contact with the insect, though 
they continued for several days to send an impulse 
down their own pedicels to the bending place, did 
not prevent the tentacles on the opposite side from 
quickly re-expanding ; so that the motor discharge 
must at first Lave been more powerful than afterwards. 
"When an object of any kind is placed on the disc, 
and the sunounding tentacles are inflected, their 
glands secrete more copiously and the secretioa 
becomes acid, so that some influence is sent to 
them from the discal glands. This change in the 
nature and amount of the secretion cannot depend 
on the bending of the tentacles, as the glands of the 
short central tentacles secrete acid when an object ia 
placed on them, though they do not themselves bend. 
Therefore I inferred that the glands of the disc sent 
some influence up the surrounding tentacles to their 
glands, and that these reflected back a motor impulsw 
to their baaal parts ; but this view was soon proved 
erroneous. It was found by many trials that tentacles 
with their glands closely cut off by sharp scissors 
often become inflected and again re-espaud, still 
appearing healthy. One which was observed con- 
tinued healthy for ten days after the operation. I 
therefore cut the glands off twenty-five tentacles, 
at different times and on difierent leaves, and seven- 
teen of these soon became inflected, and afterwards 
re-expanded. The re-expansion commenced in abo\it 
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8 hra. or 9 tra., and waa completed in from 22 hra. to 
30 hra. from the time of inflection. After an interval 
of a flay or two, raw meat with saliva was placed oil the 
discs of these seventeen loaves, and when observed 
next day, seven of the headless tentacles were inflected 
over the meat aa closely as the uninjured ones on 
the same leaves; and an eighth headless tentacle 
became inflected after three additional days. The 
meat waa removed from one of those leaves, and the 
surface washed with a little stream of water, and after 
three days the lieaiUess tentatde re-expanded for the 
second time. These tentacles without glands were, how- 
ever, in a different state from those provided with glands 
and which had absorbed matter from the meat, for the I 
protoplasm within the cells of the former had under- 
gone far less aggregation. From these experiments 
with headless tentacles it is certain that the glanda 
do not, as far as the motor impulse is concerned, act in 
a reflex manner like the nerve-ganglia of animals. 

But there is another action, namely that of aggrega- 
tion, which in certain cases may be called reflex, and 
it is the only known instance in the vegetable king- 
dom. We should bear in mind that the process does 
not depend on the previous bending of the tentacles, 
as we clearly see when leaves are immersed in certain 
strong solutions. Nor does it depend on increased 
secretion from the glands, and this is shown by several 
facts, more especially by the papillae, which do not 
secrete, yet undergoing aggregation, if given carbonate 
of ammonia or an infusion of raw meat. When a gland 
is directly stimulated in any way, as by the pressure of 
a minute particle of gloss, the protoplasm within the 
cells of the gland first becomes aggregated, then that 
in the cells immediately beneath the gland, and so 
lower and lower down the tentacles to their bases ; — 



:tioh of eoxectbd tentacles. 

that is, if the stimnlus haa been sufficient and i 
injurious. Now, when the glands of the disc are 
eseited, the exterior tentacles are affected in exactly 
the same manner : the aggregation always com- 
mences in their glands, though these have not been 
directly excited, but have only received some influ- 
ence from the disc, as shown by their increased acid 
secretion. The prot^jplasm within the cells immedi- 
ately beneath the glands are next affected, and so 
downwards from cell to cell to the bases of the 
tentacles. This process apparently deserves to be 
called a reflex action, in the same manner as when a 
sensory nerve is irritated, and carries an impression 
which sends back some influence to & 
muscle or gland, causing movement or increased 
secretion ; but the action in the two cases is probably 
of a widely different nature. After the protoplasm in a 
tentacle has been aggregated, its redissolution always 
begins in the lower part, and slowly travels up 
pedicel to the gland, so that the protoplasm last 
aggregated ia first redissolved. This probably depends 
merely on the protoplasm being less and less aggre- 
gated, lower and lower down in the tentacltjs, as can 
be seen plainly when the excitement has been slight. 
As soon, therefore, as the aggregating action altogether 
ceases, redissolution naturally commences in the less 
strongly aggregated matter in the lowest part of the 
tentacle, and is there first completed. 

Direction of the Infieded 2'eniacles. — When a particle 
of any kind is placed on the gland of one of the outer 
tentacles, this invariably moves towards the centre of 
the leaf; and so it is with all the tentacles of a leaf 
immersed in any exciting fluid. The glands of tho 
exterior tentacles then form a ring round the middle 
jiart of the disc, as shown in a previous figure ffig. 
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p. 10). The short tentacles within this ring atill 
retain their vertical position, as they likewise do when 
a large object is placed on their glands, or when an 
insect is caught by them. In this latter case we can 
see that the infleotion of the short central tentacles 
would be useless, as their glands are already in con- 
tact with their prey. 

The result is very different when a single gland on 
one aide of the disc is excited, or a few in a group, 
These send an impulse to 
the surrounding tentacles, 
which do not now bend 
towards the centre of the 
leaf, but to the point 
of excitement. We owe 
' this capital observation to 
Uitschke,' and since read- 
ing his paper a few years 
ago, I have repeatedly 
verified it. If a minute bit 
of meat be placed by the 
aid of a needle on a single 
gland, or on three or four 
together, halfway between 
the centre and the circum- 
ference of the disc, the 




LMr(8Bi(irgeinwitiithEwiitadt»\nflfcini directed movement of the 
iheVio!" " "*" *"*" ™ '""' " " surrounding tentacles is 
well exhibited. An accu- 
rate drawing of a leaf with meat in this position ia 
here reproduced (fig, 10), and we see the tentacles, in- 
cluding some of the exterior ones, accurately directed 
to the point where the meat lay. But a much better 
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plan is to place a particle of the phosphate of 

moistened witli saliva on a single gland on one side 
of the disc of a large leaf, and another particle on a 
single gland on the opposite side. In four such 
trials the excitement was not sufficient to affect the 
ooter tentacles, but all those near the two points 
were directed to them, so that two wheels were formed 
on the disc of the same leaf; the pedicels of the 
tentacles forming the spokes, and the glands united 
in a. Diajis over the phosphate representing the axles. 
The precision with which each tentacle pointed to 
the particle was wonderful ; so that ia some cases I 
could detect no deviation from perfect accuracy. 
Thus, although the short tentacles in the middle of 
the disc do not bend when their glands are excited 
in a direct manner, yet if they receive a motor impulse 
from a point on one side, they direct themselves to the 
point eq^ually well with the tentacles on the borders t^ 
the disc. 

In these experiments, some of the short tentacles on 
the disc, which would have been directed to the centrei. 
had the leaf been immersed in an exciting fluid, were 
now inflected in an exactly opposite direction, viz. 
towards the circumference. These tentacles, therefore, 
had deviated as much as 180° from the direction which 
they would have assumed if their own glands had 
been stimulated, and which may be considered as the 
normal one. Between this, the greatest possible and no 
deviation from the normal direction, every degree could 
be observed in the tentacles on these several leaves. 
Notwithstanding the precision with which the tentacles 
generally were directed, those near the circumference 
of one leaf were not accurately directed towards some 
phosphate of lime at a rather distant point on the 
opposite side of the disc. It appeared as if the motor 
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impulse in passing transTersely across nearly the 
whole width of the disc had departed somewhat from 
a true course. This accords with what we have 
already seen of the impulse travelling lesa readily in 
a transverse than in a longitudinal direction. In 
some other eases, the exterior tentacles did not seem 
capable of such accurate movement as the shorter 
and more central ones. 

Nothing could he more striking than the appear- 
ance of the above four leaves, each with their ten- 
tacles pointing truly to the two little masses of the 
phosphate on their discs. We might imagine that we 
were looking at a lowly organised animal seizing prey 
with its arms. In the caae of Drosera the explanation 
of this accui-ate power of movement, no doubt, lies in 
the motor impulse radiating in all directions, and 
whichever side of a tentacle it first strikes, that side 
contracts, and the tentacle consequently bends towards 
the point of excitement. The pedicels of the tentacles 
are flattened, or elliptic in section. Near the bases of 
the short central tentacles, the flattened or broad face 
is formed of about five longitudinal rows of cells ; in 
tlie outer tentacles of the disc it consists of about six 
or seven rows ; and in the extreme marginal tentacles 
of above a dozen rows. As the flattened bases are 
thus formed of only a few rows of cells, the precision 
of the movements of the tentacles is the more remark- 
able ; for when the motor impulse strikes the base of 
a tentacle in a very oblique direction relatively to its 
broad face, scarcely more than one or two cells towards 
one end can be affected at first, and the contraction 
of these cells must draw the whole tentacle into the 
proper direction. It is, perhaps, owing to the exterior 
pedicels being much flattened that they do not bend 
quite so accurately to the point of exeit-ement as the 
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more central ones. The properly directed moTement 
of the tentacles is not an unique case in the vegetable 
kingdom, for the tendrils of many plants cm-ve to- 
wards the side which is touched ; but the case of 
Drasera is far more interesting, as here the tentacles 
are not directly excited, but receive an impulse from 
a distant point; nevertheless, they bend accurately 
towards this point. 

On the Nature of tlie Tissues through which the Motor 
Impulse t'a Transmitted.— It will be necessary first 
to describe briefly the 
course of the main fibro- 
vaacular bundles. These 
are shown in the accom- 
panying sketch (fig. 11) 
of a sHiall leaf. Little 
vessels from the neigh- 
bouring bundles enter 
all the many tentacles 
with which the surface 
is studded; but these 
are not liere represented. 
The central trunk, which 
runs up the footstalk, 
bifurcates near the centre 
of the leaf, each branch 
bifurcating again and 
again according to the VMcuiar tuaue imi amiu imi 

size of the leaf. This 

Bentral trunk sends off, low down on each side, a 
delicate branch, which may be called the sublateral 
branch. There is also, on each side, a main lateral 
branch or bundle, which bifurcates in the same 
manner as the others. Bifurcation does not imply 
that any single vessel divides, but that a bundle 
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diddea into two. By looking to either side of the 
leaf, it will be seen that a, branch from the great 
central bifurcation inosculates with a branch from tba 
lateral bundle, and that there is a smaller inoscu- 
lation between the two chief branches of the lateral 
bundle. The course of the vessels ia very complex 
at the larger inosculation ; and here vessels, retain- 
ing the same diameter, are often formed by the 
union of the bluntly pointed ends of two vessels, 
but whether these points open into each other by 
their attached surfaces, I do not know. By means 
of the two inosculations all the vessels on the 
same side of the leaf are brought into some sort of 
connection. Near the circumference of the larger 
leaves the bifurcating branches also come into close 
union, and then separate again, forming a continuous 
zigzag line of vessels round the whole circumference. 
But the union of the vessels in this zigzag line seems 
to be much less intimate than at the main inoscula- 
tion. It should be added that the course of the 
vessels differs somewhat in different leaves, and even 
on opposite sides of the same leaf, but the main 
inosculation is always present. 

Now in my first experiments with bits of meat 
placed on one side of the disc, it so happened that not 
a single tentacle was inilected on the opposite side ; 
and when I saw that the vessels on the same side were 
all connected together by the two inosculations, whilst 
not a vessel passed over to the opposite side, it seemed 
probable that the motor impulse was conducted ex- 
clusively along them. 

In order to test this view, I divided transversely 
with the point of a lancet the central trnnbs of four 
leaves, just beneath the main bifurcation; and two 
days afterwards placed rather large bits of raw meat 
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(a moat powerful stimulant) near the centrt of the 
disc above the incision — that is, a little towarda the 
apex — with the following results : — 

(1) This leaf proved rather torpid ; after 4 hra. 40 m. (in all 
oaseH reckoiuDg frain the time when the ueat was given) the 
tenlacloB at the distal end were a little inflected, but nowhera 
elee ; ihey remaiuud so for three daye, and re-ezpondnj on the 
lourth day. The leaf waa then diEsected, and the trunk, as well 
an the two aablateral branches, were found divided. 

(!3) After 4 hrs, 30 m. many ot the tentacles at the distal end 
were well inflected. Next day tli» blade and all the tentacles at 
this end were strongly inflected, and were separated by a dis- 
tinct transverse line from the basal half of the leaf, which was 
not in the least afiectod. On the third day, however, dome of 
the short tentacles on the disc near the base were very slightly 
inflected. The incision was found on dissectioa to extend across 
the leaf as in the last case. 

(3) After 4 bis. 30 m. strong inflection of the tentacles at 
the distal end, wliich during the next two days never extended 
in the least to the basal end. The incision as before, 

(4) This leaf was not observed until 15 hrs. had elapsed, and 
then all the tentacles, except the extreme marginal ones, were 
found equaUy well inflected all round the leat On careful 
eiaminatioii the spiral vessels of the central trunk were cer- 
tainly divided; but the incision on one side had not passed 
through the fibrous tissae surrounding thoae vessels, though it 
had passed through the tissue ou the other side.* 

The appearance presented by the leaves (2) and (3) 
was very curious, and might be aptly compared with 
that of a man with his backbone broken and lower ex- 
tremities paralysed. Excepting that the line between ■ 
the two halves was here transverse instead of longitu- 
dinal, these leaves were in the same state aa some of 
those in the former experiments, with bits of meat 
placed on one side of the disc. The case of leaf (4) 



* M, Ziegler taade similar ex- 
tHT'.iuoTitB by cutting the spiral 
tumiIb of Droaera iniermetUa 
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proves that the spiral vessels of the centml trunk r 
be divided, and yet the motor impulse be transmitted | 
from the distal to the basal end ; and this led me at | 
first to suppose that the motor force was sent through I 
the closely surrounding fibrous tissue ; and that if one ' 
half of this tissue was left undivided, it sufficed for 
complete transmission. But opposed to this conclusion 
is the fact that no vessels pass directly from one side 
of the leaf to the other, and yet, as we have seen, if 
a rather large bit of meat is placed on one aide, the 
motor impulse is sent, though slowly and imperfectly, 
iu a transverse direction across the whole breadth of 
the leaf. Nor can this latter fact be accounted for 
by supposing that the transmission is effected through 
the two inosculations, or through the circumferential 
zigzag line of union, for had this been the case, the 
exterior tentacles on the opposite side of the disc 
would have been affected before the more central ones, 
which never occurred. We have also seen that the 
extreme marginal tentacles appear to have no power 
to transmit an impulse to the adjoining tentacles ; yet 
the little bundle of vessels which enters each marginal 
tentacle sends off a minute branch to those on both 
sides, and this I have not observed in any other ten- 
tacles; so that the marginal ones are more closely 
connected together by spiral vessels than are the 
others, and yet have much less power of communi- 
cating a motor impulse to one another. 

But besides these several facts and arguments we 
have conclusive evidence that the motor impulse is 
not sent, at least exclusively, through the spiral 
vessels, or through the tissue immediately surrounding 
them. We know that if a bit of meat is placed on a 
gland (the immediately adjoining ones having been 
rL'iU'jved) on any part of the disc, all the short sur- 
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roanding tentacles bend almost simultaneously 
great preciaion towards it. Now there are tentaclai 
on the disc, for instance near the ejstremitiea of the 
Bublateral bundles (fig. 11), which are supplied with 
vessels that do not come into contact with the branches 
that enter the surrounding tentacles, except by a very 
long and estremely circuitous course. Nevertheless, 
if a bit of meat is placed on the gland of a tentacle 
of this kind, all the surrounding ones are inflected 
towards it with great precision. It is, of course, pos- 
sible that an impulse might be sent through a long 
and circuitous course, but it is obTiously impossible 
that the direction of the moyement could be thus 
communicated, so that all the surrounding tentacles 
should bend precisely to the point of excitement. The 
impulse no doubt is transmitted in straight radiating 
lines from the excited gland to the surrounding ten- 
tacles; it cannot, therefore, be sent along the fibro- 
Tascular bundles. The effect of cutting the central 
yessela, in the above cases, in preventing the transmis- 
sion of the motor impulse from the distal to the basal 
end of a leaf, may be attributed to a considerable space 
of the cellular tissue having been divided. We shall 
hereafter see, when we treat of Dion^a, that this same 
conclusion, namely that the motor impulse is not 
transmitted by the fibio-vascnlar bundles, is plainly 
confirmed ; and Professor Cohn has come to the same 
conclusion with respect to Aldrovanda — both members 
of the Droaeracefe. 

As the motor impulse is not transmitted along the 
vessels, there remains for its passage only the cellular 
tissue ; and the structure of this tissue explains to a 
certain extent how it travels so quickly down the long 
exterior tentacles, and much more slowly across the 
blade of the leaf. We shall also see why it crosses 
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the blade more quickly in a longitudinal than in 
transverse direction ; though with time it can pass in 
any direction. We know that the same stimulus 
causes movement of the tentacles and aggregation of 
the protoplasm, and that both influences originate in 
and proceed from the glands within the same bri^ | 
space of time. It seems therefore probable that the 
motor impulse consists of the first commencement of 
a molecular change in the protoplasm, which, when 
well developed, is plainly visible, and has been desig- 
nated aggregation ; but to this subject I shall return. 
We further know that in the transmission of the aggre- 
gating process the chief delay is caused by the passage 
of the transverse cell-walls; for as the aggregation 
travels down the tentacles, the contents of each s 
cesaive cell seem almost to flash into a cloudy mass. 
We may therefore infer that the motor impulse is ia 
like manner delayed chiefly by passing through the 
coll- walls. 

The greater celerity with which the impulse is 
transmitted down the long exterior tentacles than 
across the disc may be largely attributed to its being 
closely confined within the narrow pedicel, instead 
of radiating forth on all aides as on the disc. But 
besides this confinement, the exterior cells of the ten- 
tacles are fully twice as long as those of the disc ; so 
that only half the number of transverse partitions 
have to be traversed in a given length of a tentacle, 
compared with an equal space on the disc ; and there 
would be in the same proportion less retardation of the 
impulse. iVIoreover, in sections of the exterior ten- 
tacles given by Dr. Warming,* the parenchymatous 
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cella are shown to he bUU more elongated ; and these 
would ibnn the most direct line of commumcation from 
the gland to the bending place of the tentacle. If the 
impulse travels down the exterior cells, it would have 
to cross from botween twenty to thirty tmnsverse par- 
titions ; but rather fewer if down the inner parenchy- 
matous tissue. In either case it is remarkable that 
the tmptilso ia able to pass through so many par- 
titions down neaily the whole length of the pedicel, 
and to act on the bending place, in ten seconds. Why 
the impulse, after having passed so quickly down one 
of the extreme marginal tentacles (about Vn °^ ^^ 
inch in length), should never, as far as I have seen, 
affect the adjoining tentacles, I do not understand. 
It may be in part accounted for by much energy 
being expended in the rapidity of the transmission. 

Most of the cells of the disc, both the superficial 
ones and the larger cells which form the five or six 
underlying layers, are about lour times as long as 
broad. They are arranged almost longitudinally, 
radiating from the footstalk. The motor impulse, 
therefore, when transmitted across the disc, has to 
cross nearly four times as many cell-walls as when 
transmitted in a longitudinal direction, and would 
consequently be much delayed in the former case. 
The cells of the disc converge towards the bases of 
the tentacles, and are thus fitted to convey the motor 
impulse to them from all sides. On the whole, the 
arrangement and shape of the cells, both those of the 
disc and tentacles, throw much light on the rate and 
manner of diffusion of the motor impulse. Hut why 
the impulse proceeding from the glands of the ex- 
terior rows of tentacles tends to travel laterally and 
towards the centre of the leaf, but not centrifugally, ia 
by no means clear. 
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Mechanism of (he Movements, and Nalure of ihttm 
Motor Impulse. — Whatever may be the means 
movement, the extoriDr t-jntacles, considering theirfl 
dulieacy, are inflectefl with much force. A bristle^! 
held so tiiat a length of 1 inch projected from 
handle, yielded wheu I tried to lift with it an ir 
fleeted tentacle, which was somewhat thinner than the 
bristle. The amount or extent, also, of the movement 
is great. Fully expanded tentacles in becoming in- 
flected sweep through an angle of 180° ; and if they 
are beforehand reflesed, as often oceuis, the angle is 
considerably greater. It is probably the aiiperficial 
cells at the bending place which chiefly or excluaively 
contract ; for the interior cella have very delicate 
walls, and are bo few in number that they could hardly 
cause a tentacle to bond with precision to a definite 
point. Though I carefully looked, I could never 
detect any wrinkling of the surface at the bending 
place, even in the CAse of a tentacle abnormally 
curved into a complete circle, under circnmstancea 
hereafter to be mentioned. 

All the cella are not acted on, though the motor ' 
impulse passes through them. When the gland of 
one of the long exterior tentacles is excited, the 
upper cells are not in the least affected ; about half- 
way down there is a alight bending, but the chief 
movement is confined to a short space near the base ; 
and no part of the inner tentacles bends except the 
basal portion. With respect to the blade of the lea^ 
the motor impulse may be transmitted through many 
cells, from the centre to the circumference, without 
their being in the least afi'ected, or they may be 
strongly acted on and the blade greatly inflected. 
In the latter case the movement seems to depend 
partly on the strength of the stimulus, and partly ou 
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its nature, as when leaves are iuimeised in certain 
Raids, 

The power of movement which variona plants posBess, 
when irritated, has been attributed by high authorities 
to the rapid passage of fluid out of certain cells, which) 
from their previous state of tension, immediately con- 
tract.* Whether or not this is the primary cause of 
such movements, fluid must pass out of closed cells 
when they contract or are pressed together in one 
direction, unless they at the same time expand in 
some other direction. For instance, fluid can be seen 
to ooze from the surface of any young and vigorous 
shoot if slowly bent into a semi-cLrele.f In the case 
of Drosera there is certainly much movement of the 
fluud throughout the tentacles whilst they are under- 
going inflection. Many leaves can be found in which 
the purple fluid within the cells is of an equally dark 
tint on the upper and lower sides of the tentacles, 
extending also downwards on both sides to equally 
near their bases. If the tentacles of such a leaf are 
excited into movement, it will generally be found after 
some hours that the cells on the concave side are much 
paler than they were before, or are quite colourless, 
those on the convex side having become much darker. 
In two instances, after particles of hair had been placed 
on glands, and when in the course of 1 hr. 10 m. the 
tentacles were incurved halfway towards the centre 
of the leaf, this change of colour in the two sides was 
conspicuously plain. In another case, after a bit of 
meat had been placed on a gland, the purple colour 
was observed at intervals to be slowly travelling from 
the upper to the lower part, down the convex side of 
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the bending tentacle. But it does not follow from ' 
these observations thiit the cells on the convex side 
become filled with more fluid during the act of in- 
flection than they contained before ; for fluid may all 
the time be passing into the disc or into the glanda. 
which then secrete freely. ' 

The bending of the tentacles, when leaves are im- | 
mersed in a dense fluid, and their subsequent re- i 
expansion in a less dense fluid, show that the passage 
of fluid from or into the cells can cause movements 
like the natural ones. But the inflection thus caused 
la often irregular ; the exterior tentacles being some- 
times spirally curved. Other unnatural movements 
are likewise caused by the application of dense fluids, , 
as in the case of drops of syrup placed on the backs ' 
of leaves and tentacles. Such movements may be 
compared with the contortions which many vegetable 
tissues undergo when subjected to exosmose. It is 
therefore doubtful whether they throw any light on ■ 
the natural movements. 

If we admit that the outward passage of fluid is 
the cause of the bending of the tentacles, we must 
suppose that the cells, before the act of inflection, 
are in a high state of tension, and that they are 
elastic to an extraordinary degree ; for otherwise their 
contraction could not cause the tentacles often to 
sweep through an angle of above 180°, Professor 
Cohn, in his interesting paper" on the movements 
of the stamens of certain Composite, states that these 
organs, when dead, are as elastic as threads of india- 
rubber, and are then only half as long as they were 
when alive. He believes that the living protoplasm 

* ' Abhttod. dat Schlos. Gesell. Is Riven ia the ' Annala ond Vfag, 
(Ur Taterl. Oultur, 1861, Heft i. of Nat. UhV 3rd aerieg, 18^ , 
An exoelloiit abatnct of this piipec vol, li. pp. ISg-m?. 
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within their cells is ordinarily in a state of expanaiou. ' 
but ia paralysed by irritation, or may be said to suffer 
temporary death ; the elasticity of the cell-walls then 
coming into play, and causing the conti-actiou of thfl 
stamens. Now the cells on tho upper or concave side 
of tho bending part of the tentacle of Drosera do not 
appear to be in a state of tension, nor to be highly 
elastic; for when a leaf is suddenly killed, or dies 
slowly, it is not the upper but the lower sides of the- 
tentacles which contract from elasticity. We may, 
therefore, conclude that their movemeuta cannot be 
accounted for by the inherent elasticity of certain 
cells, opposed as long as they are alive and not irri- 
tated by the expanded state of their contents. 

A somewhat different view has been advanced by 
other physiologists — namely that the protoplasm, 
when irritated, contracts like the soft sarcode of 
the muscles of animals. In Drosoia the fluid within 
the cells of the tentacles at the bending place appears 
under the microscope thin and homogeneous, and after 
aggregation consists of small, soft masses of matter, 
undergoing incessant changes of form and floating in 
almost colourless fluid. These masses are completely 
redissolved when the tentacles re-expand. Now it 
seems scarcely possible that such matter should have 
any direct mechanical power; but if through some 
molecular change it were to occupy less space than it 
did before, no doubt the cell-walls would close up and 
contract. But in this case it might be expected that 
the walls would exhibit wrinkles, and none could ever 
be seen. Moreover, the contonts of all the cells seem 
to be of exactly the same nature, both before and after 
aggi'egation ; and yet only a few of the basal cells 
contract, the rest of the tentacle remaining straight. 

A third view maintained by some physiologists, 
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though rejected by most others, is that the whole cell, 
includiiig the walls, actively contracta. If the walls are 
composed solely of non-nitrogenous cellulose, thia view 
is highly improbable; bnt it can hardly he doubted 
that they must be permeated by pruteid matter, at 
least whilst they are growing. Nor does there seem 
any inherent improbability in the cell-walls of Drosera 
contracting, considering their high state of organisa- 
tion; as shown in the case of the glands by their power 
of absorption and secretion, and by being exquisitely 
sensitive so as to be affected by the pressure of the 
most minute particles. The cell-walla of the pedicels 
also allow various impulses to pass through them, 
inducing movement, increased secretion and aggrega- 
tion. On the whole the belief that the walls of certain 
cells contract, some of their contained fluid being at 
the same time forced outwards, perhaps accords best 
with the observed facts. If this view is rejected, the 
next most probable one is that the fluid contents of 
the cells shrink, owing to a change in their molecular 
state, with the consequent closing in of the walls. 
Anyhow, the movement can hardly be attributed to 
the elasticity of the wails, together with a previous 
Btate of tension. 

With respect to the nature of the motor impulse 
which is transmitted from the glands down the pedi- 
cels and across the disc, it seems not improbable that 
it is closely allied to that influence which causes the 
protoplasm within the cells of the glands and ten- 
tacles to aggregate. We have seen that both forces 
originate in and proceed from the glands within a 
few seconds of the same time, and are excited by the 
same causes. The aggregation of the protoplasm lasts 
almost as long as the tentacles remain inflected, 
even though this be for more than a week ; but the 



Chai-. X. HATUItE OF TRE MOTOR IMPULSE. 259 

prutoplasm is redissolved at the bcuding place shortly 
before the tentacles re-espandj showing that the ex- 
citing cause of the aggregating process has then quite 
ceased. Exposure to carbonic acid reuses both the 
latter process and the motor impulse to travel very 
slowly down the tentacles. We know that the aggre- 
gating process is delayed in passing through the cell- 
walls, and we have good reason to believe that this 
holds good with the motor impulse ; for we can thus 
understand the different rates of its transmission in a 
longitudinal and transverse line across the disc. Under 
a high power the tivst sign of aggregation is the ap- 
pearance of a cloud, and soon afterwards of extremely 
line granules, in the homogeneous pnrple fluid within 
the cells ; and this apparently is due to the union of 
molecules of protoplnam. Kow it does not seem an 
improbable view that the same tendency — namely for 
the molecules to approach each other — should be com- 
municated to the inner surfaces of the cell-walls which 
are in contact with the protoplasm ; and if so, their 
molecules would approach each other, and the cell-wall 
would contract. 

To this view it may with truth be objected that 
when leaves are immersed in various strong solu- 
tions, or are subjected to a heat of above 130° 
Fahr. (54'''4 Cent.), aggregation ensues, but there is 
no movement. Again, various acids and some other 
Huida cause rapid movement, but no aggregation, or 
only of an abnormal nature, or only after a long 
interval of time ; but as most of these fluids are more 
or less injurious, they may check or prevent the aggre- 
gating process by injuring or killing the protoplasm. 
There is another and more important difTerence in the 
two processes : when the glands on the disc are ex- 
cited, they transmit some influence up the surrounding 
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tentftclcs, which arts on the cells at the bending place, 
but does not induce aggregation until it Las reached 
the glands ; these then send back some other in- 
fluence, causing the protoplusni to aggregate, first iu 
the upper and then in the lower ceils. 

The Be-expartsion of the Teiitachs. — This movement ia 
always alow and gradual. When the centre of the 
leaf is excited, or a leaf is immersed in a proper solu- 
tion, all the tentacles bend directly towards the centrt^ 
and afterwards directly baclc &om it. But when the 
point of excitement is on one side of the disc, tha 
surrounding tentacles bend towards it, and therefore 
obliquely with respect to their normal direction ; when 
they afterwards re-expand, they bend obliquely back, 
so 03 to recover their original positions. The ten- 
tacles farthest from an excited point, wherever that 
may be, are the last and the least affected, and probably 
in consequence of this they are the first to re-espand. 
The bent portion of a closely inflected tentacle is in a 
state of active contraction, as shown by the following 
experiment. Meat wa8 placed on a leaf, and after the 
tentacles were closely inflected and had quite ceased to 
move, narrow strips of the disc, with a few of the outer 
tentacles attached to it, were cut ofi' and laid on one 
side under the microscope. After several failures, I 
succeeded in cutting off the convex surface of the bent 
portion of a tentacle. Movement immediately recom- 
menced, and the already greatly bent portion went on 
bending until it formed a perfect circle ; the straight 
distal portion of the tentacle passing on one side of the 
strip. The convex surface must therefore liave pre- 
viously been in a state of tension, sufSeient to counter- 
balance that of the concave surface, which, when free, 
curlod into a complete ring. 

The tentacles of an expanded and unexcited leaf 
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are moderately rigid and elastic ; if tent by a needle, 
the upper end yields more easily tlian the baaal and 
thicker part, which alone is capable of becoming in- 
flected. The rigidity of this basal part seems due to 
the tension of the outer surface balancing a state of 
active and persistent contraction of the cells of the 
inner surface. I believe that thia is the case, because, 
when a leaf is dipped into boiling watar, the tentacles 
suddenly become refiexed, and thia apparently indi- 
cates that the tension of the outer surface is mecha- 
nical, whilst that of the inner surtace is vital, and is 
instantly destroyed by the boiling water. We can 
thus also understand why the tentacles as they grow 
old and feeble' slowly become much refiexed. K a 
leaf with ita tentacles closely inflected is dipped into 
boiling water, these rise up a little, but by no means 
fully re-expand. This may be owing to the heat 
quickly destroying the tension and elasticity of the 
cells of the convex surfalce ; but I can hai-dly believe 
that their tension, at any one time, would suffice to 
carry back the tentacles to their original position, 
often through an angle of above 18U". It is more 
probable that fluid, which we know travels along the 
tentacles during the act of inflection, is slowly re- 
attracted into the cells of the convex surface, their 
tension being thus gradually and continually in- 



A recapitulation of the chief facts and discussions 
in this chapter will be given at the close of the next 
i^bapter. 
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Kecapitulation c 



As sttinniaTies have been given to most of the 
chapters, it will be sufficient here to recapitnlate, as 
briefly as I can, the chief points. In the first chapter 
a preliminary sketch was given of the structure of the 
leaves, and of the manner in which they capture 
insects. This is eflteted by drops of extremely viscid 
fluid surrounding the glands and by the inward 
movement of tlie tentacles. As the plants gain most 
of their nutriment by this means, their roots are very 
poorly developed; and they often grow in places 
where hardly any other plant except mosses can 
exist. The glands have the power of absorption, 
besides that of secretion. They are extremely sen- 
sitive to various stimulants, namely repeated touches, 
the pressure of minute particles, the absorption of 
animal matter and of various fluids, heat, and gal- 
vanic action. A tentacle with a bit of raw meat on 
the gland has been seen to begin bending in 10 a., 
to be strongly incurved in 5 m., and to reach the 
centre of the leaf in Lalf an hour. The blade of the 
leaf often becomes so much inflected that it forms a 
cup, enclosing any object placed on it. 

A gland, when excited, not only sendf some in- 
fluence down its own tentacle, causing it to bend, but 
likewise to the surrounding tentacles, which becoma 
incurved ; so that the bending place can be acted on 
by au impulse teceived from opposite directions, 
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namely from the glaad on the Bummit of the same 
tentax^le, and from one or more glands of the neigh- 
bouring tentacles. Tentacles, when inflected, re-ex- 
pand after a time, and during this process the glands 
secrete leas copiously, or become dry. As soon as i 
they begin to secrete again, the tentacles are ready 
to re-act ; and this may be repeated at least three, I 
probably many more times. 

It was shown in the second chapter that animal sub- J 
stances placed on the diaca cause much more prompt 1 
and energetic inflection than do inorganic bodies of I 
the same size, or mere mechanical iiTitation ; but 
there ia a still more marked difference in the greater 
length of time during which the tentacles remain in- 
flected over bodies yielding soluble and nutritious 
matter, than over those which do not yield such 
matter. Extremely minute particles of glass, cinders, 
hair, thread, precipitated chalk, tic, when placed on 
the glands of the outer tentacles, canse them to bend. 
A particle, unless it sinks through the secretion and 
actually touches the surface of the gland with some 
one point, does not produce any effect, A little bit 
of thin human hair tuW of an inch (■203 mm.) in 
length, and weighing only j -j !., -^ of a grain (■000822 
mg.), though largely supported by the dense secre- 
tion, suffices to induce movement. It is not probable 
that the pressure in this case could have amounted 
to that from the millionth of a grain. Even smaller 
particles cause a slight movement, as could be seen 
tlirough a lens. Larger particles than those of which 
the measurements have been given cause no sensation 
when placed on the tongue, sne of the most sensitive 
parts of the human body. 

Movement ensues if a gland is momentarily touched 
three or four times ; but if touched only once or twice. 



2(J4 DKOSESi BOTDMDiEOLLA. OfliP. 

thoogh with considerable force and irith a hard object, 
tlie tentacle does not bend. The plant is thus saved 
from much useless movement, aa during & high wind 
the glands can hardly escape being occasionally 
brushed by the leaves of surrounding plants. Though 
insensible to a single to\ich, they are exquisitely sensi- 
tive, as just stated, to the slightest pressure if pro- 
longed for a few seconds ; and this capacity is mani- 
festly of service to the plant in capturing small 
insects. Even gnats, if they rest on the glands with 
their delicate feet, are quickly and securely embraced. 
The glands are insensible to the weight and repeated 
blows of drops of heavy rain, and the plants are thus 
likewise saved from much useless movement. 

The description of the movements of the tentacles 
was interrupted in the third chapter for the sake of 
describing the process of aggregation. This process 
always commences in the cells of the glands, the con- 
tents of which first become cloudy ; and this has 
been observed within 10 s. after a gland has been 
excited. Granules just resolvable under a very high 
power soon appear, sometimes within a minute, in the 
cells beneath the glands ; and these then aggregate 
into minute spheres. The process afterwards travels 
down the tentacles, being arrested for a short time at 
each transverse partition. The small spheres coalesce 
into larger spheres, or into oval, club-headed, thread- 
er necklace-like, or otherwise shaped masses of proto- 
plasm, which, suspended in almost colourless fluid, 
exhibit incessant spontaneous changes of form. These 
frequently coalesce and- again separato. If a gland 
has been powerfully excited, all the cells down to the 
base of the tentacle are affected. In cells, especially 
if filled with dark red fluid, the first step in the 
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process often is the formation of a dark rod, bi 
lite mass of protoplasm, which afterwards divides 
and undergoes the usual repeated changes of form. 
Before any aggregation has been excited, a sheet of 
colourless protoplasm, including granules (the prim- ' 
ordial iitricle of Mohl), flows round the walls of the . 
cells; and this becomes more distinct after the con- 
tents have been partially aggregated into spheres i 
or bag-like masses. But after a time the granules 
are drawn towards the central masses and unite with 
them ; and then the circulating sheet can no longer 
be distinguished, but there is still a current of trans- 
parent fluid within the cells. 

Aggregation is excited by almost all the stimulants 
which induce movement; such as the glands being 
touched two or three times, the pressure of minute 
inorganic particles, the absorption of various fluids, 
even long immersion in distilled water, exosmose, and 
heat. Of the many stimulants tried, carbonate of 
ammonia is the most energetic and acts the quickest : 
a dose of Ts-TTTnr "f a grain (■Q0048 mg.) given to 
a single gland suffices to cause in one hour well- 
marked aggregation in the upper cells of the tentacle. 
The process goes on only as long as the protoplasm 
is in a living, vigorous, and oxygenated condition. 

The result is in all respects exactly the same, 
whether a gland has been excited directly, or has 
received an influence fi-om other and distant glands. 
But there is one important difiFerenee : when the 
central glands are irritated, they transmit centri- 
fugally an influence up the pedicels of the exterior 
tentacles to their glands; but the actual process of 
aggregation travels centripetally, from the glands of 
the exterior tentacles down their pedicels. The ex- 
citing influence, therefore, which is transmitted &om 
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one part of the leaf to another muat be different 
from that which actually induces aggregation. The 
process does not depend on the glands secreting 
more copiously than they did before ; and is inde- 
pendent of the inflection of the tentacles. It con- 
tinues as long as the tentacles remain inflected, and as 
soon as these are fnlly re-expanded, the little masses 
of protoplasm are all rediasolved ; the cells becoming 
filled with homogeneous purple fluid, as they were 
before the leaf was excited. 

As the process of aggregation can be excited by a 
few touches, or by the pressure of insoluble particles, 
it is evidently independent of the absorption of any 
matter, and must be of a molecular nature. Even when 
caused hy the absorption of the carbonate or other 
salt of ammonia, or an infusion of meat, the process 
seems to he of extictly the same nature. The proto- 
plasmic fluid must, therefore, be in a singularly un- 
stable condition, to be acted on hy such slight and 
varied causes. Physiologists believe that when a 
nerve is touched, and it transmits an influence to other 
parts of the nervous system, a molecular change is 
induced in it, though not visible to us. Therefore it 
is a very interesting spectacle to watch the effocts on 
the cells of a gland, of the pressure of a bit of hair, 
weighing only ■ ^ 1 ^ „ of a grain and largely supported 
by the dense secretion, for this excessively slight 
pressure soon causes a visible change in the proto- 
plasm, which change is transmitted down the whole 
length of the tentacle, giving it at last a mottled 
appearance, distinguishable even by the naked eye- 
In the fourth chapter it was shown that leaves 
placed for a short time in water at a temperature of 
110° Fahr, (43°-3 Cent.) become somewhat inflected ; 
they are thus also rendered more sensitive to the action 
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of meat than they were before. If exposed to a tem- 
pemtute of between 115" and 125" (46°- 1 — 51''-6 Cent,), 
tliey are quickly inflected, and their protoplasm under- 
goes aggregation ; when afterwards placed in cold water, 
they re-espand. Exposed to 130° (54''"4 Cent.), no in- 
flection immediately occurs, but the leaves are only 
temporarily paralysed, for on being left in cold water, 
they often become inflected and afterwards re-expand. 
In one leaf thus treated, I distinctly saw the protoplasm 
in movement. In other leaves, treated in the same 
manner, and then immersed in a solution of carbonate 
of ammonia, strong aggregation ensued. Leaves placed 
in cold water, after an exposure to so high a tem- 
perature as 145° (eg"-? Cent.), sometimes become 
slightly, though slowly, inflected ; and afterwards have 
the C{)ntent8 of their cells strongly aggregated by car- 
bonate of ammonia. But the duration of the immer- 
sion is an important element, for if left in water at 
145" (ti2'''7 Cent.), or only at 140° (60° Cent.), until it 
becomes cool, they are killed, and the contents of the 
glands are rendered white and opaque. This latter 
result seems to be due to the coagulation of the albu- 
men, and was almost always caused by even a short 
exposure to 150° (65''-5 Cent.) ; but different leaves, and 
even the separate cells in the same tentacle, differ con- 
siderably in their power of resisting heat. Unless the 
heat has been sufficient to coagulate the albumen, car- 
bonate of ammonia subsequently induces aggregation. 
In the fifth chapter, the results of placing drops of 
various nitrogenous and non-nitrogenous organic fluids 
on the discs of leaves were given, and it was shown 
that they detect with almost unerring certainty the 
presence of nitrogen, A decoction of green peas or 
of fresh eabbage-leaves acts almost as powerfully as an 
infusion of raw meat ; wliereas an infusion of cabbage* 
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leaves made by keeping them for a. long time i 
merely warm water is far less efficient. A decoctioa I 
of grass-leaves b less powerful than one of green peas I 
or cabbage-leavea. 

These results leil me to inquire whether Droseia 
possessed the power of diasolving solid animal matter. 
The experiments proving that the leaves are capable 
of true digestion, and that the glands absorb the di- 
gested matter, are given in detail in the sixth chapter. 
These are, perhaps, the most interesting of all my 
observations on Urosera, as no such power was before 
distinctly known to exist in the vegetable kingdom. 
It is likewise an interesting fact that the glands of the 
.Use, when irritated, should transmit some influence 
to the glands of the exterior tentacles, causing them 
to secrete more copiously and the secretion to be- 
come acid, as if they had been directly excited by 
an object placed on them. The gastric juice of ani- 
mals contains, as is well known, an acid and a fer- 
ment, both of which are indispensable for digestion, 
and so it is with the secretion of Drosera. When the 
stomach of an animal is mechanically irritated, it 
secretes an acid, and when particles of glass or other 
such objects were placed on the glands of Drosera, 
the secretion, and that of the surrounding and un- 
touched glands, was increased in quantity and became 
acid. But, according to Sehifl", the stomach of an 
animal does not secrete its proper ferment, pepsin, 
until certain substances, which he calls peptogenes, 
are absorbed ; and it appears from my experiments 
that some matter must be absorbed by the glands 
of Drosera before they secrete tlieir proper ferment. 
That the secretion does contain a ferment which actM 
only in the presence of an acid on solid animal 
matter, was clearly proved by adding minute doses of 
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an alkali, whicli entirely arrested the process of diges- 
tion, this immediately recommencing as soon as the 
alkali was neutralised by a little weak hydrochloric 
acid. From trials made with a large number of 
substances, it was found that those which the secretion 
of DroBcra dissolves completely, or partially, or not 
at ail, are acted on in exactly the same manner by 
gastric juice. We may, tJierefore, conclude that tho 
ferment of Droaera is closely analogous to, or identical 
with, the pepsin of animals. 

The substances which are digested by Drosera act 
on the leaves very differently. Some cause much 
more energetic and rapid inflection of the tentacles, 
and keep them inflected for a much longer time, than 
do others. We are thus led to believe that the 
former are more nutritious than the latter, as is 
known to be the case with some of these same sub- 
stances when given to animals ; for instance, meat in 
comparison with gelatine. As cartilage is so tough a 
substance and is so little acted on by water, its 
prompt dissolution by the secretion of Drosera, and 
subsequent absorption, is, perhaps, one of the most 
striking cases. But it is not really more remarkable 
than the digestion of meat, which is dissolved by this 
secretion in the same manner and by the same stages 
OS by gastric juice. The secretion dissolves bone, and 
even the enamel of teeth, but this is simply due to 
the large quantity of acid secreted, owing, apparently, 
to the desire of the plant for phosphorus. In the 
case of bone, the ferment does not come into play 
until all the phosphate of lime has been decomposed 
and free acid is present, and then the fibrous basis is 
quickly dissolved. Lastly, the secretion attacks and 
dissolves matter out of living seeds, which it some- 
times kills, or injures, as shown by the diseased state 
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of the seedlings. It also absorbs matter Irom pollen,,! 
and from fragments of leaves. 

The seventh chapter was devoted to the action of J 
the salts of (immonia. These all cause the tentacles^ 1 
and often the blade of the leaf, to be inflected, and 
the protoplasm to be aggregated. They act with very- 
different power ; the citrate being the least powerful, 
and the phosphate, owing, no doubt, to the presence 
of phosphorus and nitrogen, by far the most powerfuL 
But the relative efficiency of only three salts of 
ammonia was carefully determined, namely the car- 
bonate, nitrate, and phosphate. The esperiments were 
made by placing half-minims ('0296 ml.) of solutions 
of different strengths on the discs of the leaves, — by 
applying a minute drop (about the -i-',^ of a minim, or 
■0U296 ml.) for a few seconds to three or four glands, — 
and by the immersion of whole leaves in a measured 
quantity. In relation to these experiments it was 
necessary first to ascertain the effects of distilled water, 
»nd it was found, as described in detail, that the more 
sensitive leaves are affected by it, but only in a slight 
degree. 

A solution of the carbonate ia absorbed by the roots 
and induces aggregation in their cells, but does not 
affect the leaves. The vapour ia absorbed by the 
glands, and causes inflection as well as aggregation. 
A drop of a solution containing -3-1^^ of a grain 
(■0675 mg.) is the least quantity which, when placed 
on the glands of the disc, excites the exterior ten- 
tacles to bend inwards. But a minute drop, contain- 
ing XT-hrn of a grain (-00445 mg.), if applied for a few 
seconds to the secretion surrounding a gland, causes 
the inflection of the same tentacle. When a highly 
sensitive leaf is immersed in a solution, and there is 
ample time for absorption, the y e V r s s "f a graiE 
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("0002-1 mg.) is sufficient to excite a single teatacle 
into movement. 

The nitrate of ammonia induces afrgregation of the 
protoplasm much less quickly than the carbonate, but 
ia more potent in causing inflection. A drop contain- 
ing Tr'nT,- of a grain (-027 mg.) placed on the disc acta 
powerfidly on all the exterior tentacles, which have 
not themselves received any of the solution ; whereas a 
drop with -js/bs of a grain caused only a few of these 
tentacles to bend, but affected rather more plainly the 
blade. A minute drop applied as before, and contain- 
ing y K i p of a grain (■0025 mg,), caused the tentacle 
bearing this gland to bend. By the immersion of 
vfhole leaves, it was proved that the absorption by a 
single gland of rt^i'^on of a grain (-OOOODS? mg.) was 
sufficient to set the same tentacle into movement. 

The phosphate of ammonia is much more powerful 
than the nitrate. A drop containing ^i-g of a grain 
(■U1G9 mg.) placed on the disc of a sensitive leaf 
causes most of the exterior tentacles to be inflected, 
as well as the blade of the leaf. A minute drop con- 
taining T ^ y' riao of a grain (-000423 mg.), applied for a 
few seconds to a gland, acts, as shown by the move- 
ment of the tentacle. When a leaf is immersed in 
thirty minims (1'7748 ml.) of a solution of one part by 
weight of the salt to 21,875,000 of water, the absorp- 
tion by a gland of only the mTii'dtu - fl - of a grain 
(■0000032S mg.), that is, about the one-twenty-mil- 
lionth of a grain, is sufficient to cause the tentacle 
bearing this gland to bend to the centre of the 
leaf. In tbis experiment, owing to the presence of 
the water of crystallisation, less than the one-thirty- 
millionth of a grain of the efficient elements could 
have been absorbed. There is nothing remarkable in 
ench minute quantities being absorbed by the g 
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for all physiologists adroit that the salts of ammonia, ' 
which must be broug'ht in still smaller quantity by a 
single shower of rain tfl the roots, are absorbed by 
them. Nor is it surprising that Drosera should I 
enabled to profit by the absorption of these salts, for 
yeast and other low fungoid forma flourish in solutions 
of ammonia, if the other necessary elements are pre- 
sent. But it is aa astonishing fact, on which I will 
not here again enlarge, that so inconceivably minute a 
quantity as the one-twenty-millionth of a grain of 
phosphate of ammonia should induce some change in 
a gland of Drosera, sufficient to cause a motor impulse 
to be sent down the whole length of the tentacle ; this 
impulse exciting movement often through an angle of I 
above 180°. I know not whether to be most astonished 
at this fact, or that the pressure of a minute bit of ' 
hair, supported by the dense secretion, should quickly 
cause conspicuous movement. Moreover, this extrema 
sensitiveness, exceeding that of the most delicate part 
of the human body, as well as the power of transmit- 
ting various impulses from one part of the leaf to 
another, have been acquired without the intervention 
of any nervous system. 

Ah few plants are at present known to possess glands 
specially adapted for absorption, it seemed worth while 
to try the efl'ects on Drosera of various other salts, 
besides those of ammonia, and of various acids. Their 
action, as described in the eighth chapter, does not 
correspond at all strictly with their chemical affinities, 
as inferred from the classification commonly followed. 
The nature of the base is far more influential than 
thut of the acid ; and this is known to hold good with 
animals. For instance, nine salts of sodium all caused 
vfcU-marked inflection, and none of them were poison- 
ous in small doses ; whereas seven of the nine c 
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BponrliDg salts of potassium produced no effect, two 
causing slight inflection. Small doses, moreoTer, of 
Bome of the latter salts were poisonous. The salts 
of sodium and potassium, when injected into the veins 
of animals, likewise differ widely in their action. The 
so-called earthy salts produce hardly any effect on 
Drosera. On the other hand, most of the metaliio 
salts cause rapid and strong inflection, and are highly 
poisonous; but there are some odd, exceptions to this 
rule; thus chloride of lead and zinc, as well as two 
salts of harium, did not cause inilection, and were not 
poisonous. 

Most of the acids which were tried, though much 
diluted (one part to 437 of water), and given in small 
doses, acted powerfully on Drosera ; nineteen, out of the 
twenty-four, causing the tentacles to be more or leaa 
inflected. Most of them, even the organic acids, are 
poisonous, often highly so ; and this is remarkable, as 
the juices of so many plants contain acids. Benzoic 
acid, which is innocuous to animals, seems to be as 
poisonous to Drosera as hydrocyanic. On the other 
hand, hydrochloric acid is not poisonous either to 
animals or to Drosera, and induces only a moderate 
amount of inflection. Many acida excite the glands to 
secrete an extraordinary quantity of mucus ; and the 
protoplasm within their cells seems to be often killed, 
as may be inferred Irom the surrounding fluid soon 
becoming pink. It is strange that allied acids act 
very differently : formic acid induces very slight in- 
flection, and is not poisonous ; whereas acetic acid of 
the same strength acta most powerfully and is poi- 
sonous. Lactic acid is also poisonous, but causes 
inflection only after a considerable lapse of time. 
Malic acid acts slightly, whereas citric and tartarii: 
acids produce no effect. 
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In the niiitli chapter the effects of the absorption { 
Tarious alkaloids and certain other substances were 4 
described. Althongh some of these are poisonous, y^l 
as several, which act powerfully on the nervous system 1 
of animals, produce no effect on Drosera, we may infer ' 
that the extreme sensibility of the glands, and their 
power of transmitting an influence to other parts of 
the leaf, causing movement, or modified secretion, or 
aggregation, does not depend on the presence of a 
diffused element, allied to nerve-tissue. One of the 
moat remarkable facts is that long immersion in the 
poison of the cobra-snake does not in the least 
check, but rather stimulates, the spontaneous move- 
ments of the protoplasm in the cells of the tentacles. 
Solutions of various salts and acids behave very dif- 
ferently in delaying or in quite arresting the sub- 
sequent action of a solution of phosphate of ammonia. 
Camphor dissolved in water acts as a stimulant, as 
do small doses of certain essential oils, for they cause 
rapid and strong inflection. Alcohol is not a stimu- 
lant. The vapours of camphor, alcohol, chloroform, 
sulphuric aud nitric ether, are poisonous in moderately 
large doses, but in small doses serve as narcotics or 
ansesthetics, greatly delaying the subsequent action 
of meat. But some of these vapours also act as stimu- 
lants, exciting rapid, almost spasmodic movements in 
the tentacles. Carbonic acid is likewise a narcotic, 
and retards the aggregation of the protoplasm when 
carbonate of aznmonia is subsequently given. The first 
access of air to plants which have been immersed in ■ 
this gas sometimes acts as a stimulant and induces 
movement. But, as before remarked, a special pharma- I 
copoeia would be necessary to describe the diversified ' 
effects of various substances on the leaves of Drosera. 

In the tenth chapter it was shown that the senaitiTO* 



QEIfERAL SdMUABT. 



275 



Hess of the leaves appears to be wholly confined to 
the glands and to the immediately underlying cells. 
It was further shown that the motor impulse and other 
forces or inHueiices, proceeding from the glands when 
excited, pass through the cellular tissue, and not along 
the fibro-vascular bundles. A gland sends its motor 
impulse with great rapidity down the pedicel of the 
same tentacle to the basal part which alone bends. The 
impulse, then passing onwards, spreads on all sides to 
the surrounding tentacles, first affecting those which 
stand nearest and then those farther off. But by being 
thus spread out, and fi'om the cells of the disc not 
being so much elongated as those of the tentacles, it 
loses force, and here travels much more slowly than 
down the pedicels. Owing also to the direction and 
form of the cells, it passes with greater ease and cele- 
rity in a longitudinal than in a transverse line across 
the disc. The impulse proceeding from the glands of 
the extreme marginal tentacles does not seem to have 
force enough to affect the adjoining tentacles ; and 
this may be in part due to their length. The impulafl 
from the glands of the nest few inner rows spreads 
chiefly to the tentacles on each side and towards the 
centre of the leaf ; but that proceeding from the glands 
of the shorter tentacles on the disc radiates almost 
equally on all sides. 

When a gland is strongly excited by the quantity 
or quality of the substance placed on it, the motor 
impulse travels farther than from one slightly excited ; 
and if several glands are simultaneously excited, the 
impulses from all unite and spread still farther. As 
soon as a gland is excited, it discharges an impulse 
which extends to a considerable distance ; but after- 
wards, whilst the gland is secreting and absorbing:, 
the impulse sufBces only to keep the same tentacie 
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inflected ; though the inflection may last for man] 
days. 

If the bending place of a tentacle receives an impulse 4 
from its own gland, the movement ia always towards 
the centre of the leaf; and so it is with all the 
tentacles, when their glands are excited by immer- 
sion in a proper fluid. The short ones in the middle 
part of the disc mnat be excepted, as these do not _ 
bend at all when thus excited. On the other hand, I 
when the motor impulse comes from one side of the 
disc, the surrounding tentacles, including the short 
ones in the middle of the disc, all bend with pre- 
cision towards the point of excitement, wherever this 
may be seated. This is in every way a remarkable 
phenomenon ; for the leaf falsely appears as if en- 
dowed with the senses of an animal. It is all the 
more remarkable, as when the motor impulse strikes 
the base of a tentacle obliquely with respect to its 
flattened surface, the contraction of the cells must be 
confined to one, two, or a very few rows at one end. 
And different sides of the surrounding tentacles must 
be acted on, in order that all should bend with pre- 
cision to the point of excitement. 

The motor impulse, as it spreads from one or more 
glands across the disc, enters the bases of the sur- 
rounding tentacles, and immediately acts on the bend- 
ing place. It does not in the first place proceed up 
the tentacles to the glands, exciting them to refleet 
back an impulse to their bases. Nevertheless, some 
infiuence is sent tip to the glands, as theii secre- I 
tion is soon increased and rendered acid ; and then i 
the glands, being thus excited, send back some other 
influence (not dependent on increased secretion, nor 
on the inflection of the tentacles), causing the proto- 
plasm to aggregate in cell beneath cell. This may 



Our. XL 



QiyjERAL SUMMAEY. 



277 



bs called a reflex action, though probably very dif- 
ferent from that proceeding from the nerre-ganglion 
of an animal ; and it is the only known case of reflex , 
action in the vegetable kingdom. 

About the mechanism of the movementa and the 
nature of the motor impulse we know very little. 
During the act of inflection fluid certainly travels from 
one part to another of the tentacles. But the hypo- 
thesis which agrees best with the observed facts is 
that the motor impulse ia allied in nature to the 
aggregating process; and that this causes the mole- 
cules of the cell-walls to approach each other, in the 
same manner as do the molecules of the protoplasm 
within the cells ; so that the cell-walls contract. But 
some strong objectiona may be urged against this view. 
The re-expansion of the tentacles is largely due to 
the elasticity of their outer cells, which comes into 
play as soon as those on tho inner side cease eon- 
tiactiug with prepotent force ; but we have reason to 
suspect that fluid is continually and slowly attracted 
into the outer cells during the act of re-expansion, 
thus increasing their tension. 

I have now given a brief recapitulation of the chief 
points observed by me, with respect to the struc- 
ture, movements, constitution, and habits of Drosera 
rotundifolia ; and we see how little has been made out 
in comparison with what remains unexplained and 
unknown. 
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Drotera angliea — Droiera intermedia — DnHem eapennt—Droura { 
tpathulata — Drosaa JUi/onait — Drota-a bi'nuta ~ GoQcluding 

1 EXAMINED six other species of Drosera, some of 
them inhahitants of distant countries, chiefly for tha 
Bake of ascertaining whether they caught insects. This 
seemed the more necessary as the leaves of some of 
the speciea differ to an extraordinary degree in shape 
from the rounded ones of Drosera rotundifolia. In 
functional powers, however, they differ very little. ' 

Dro'era an'/l'tn (HudBOcl.*— The leaves of thin species, which 
vas Rent to me from Ireland, are much elongated, and graduAllj 
widen from the footstalk to the bluntly pointed apex. They 
stand alrooGt erect, and their blades Bometines exceed 1 inch 
in length, whilst their breadth is only the J of aa inch. The 
glands of all the tentacles have the same structure, so that the 
extromo marginal ones do not diETer from the others, as in the 
case of Uiuserii rotimdifolia, "When they ara irritated by being 
roughly touched, or by the pressure of minate inorganio par- 
ticles, or by contact with aniicaJ matter, oi by the absorption of 
carl)ODate of BUmonia, the tentacles become inflected ; the basal 
portion being the chief seat of movement Cutting or pricking 
the blade of the leaf did not excite any movement They fre- 
quently capture insects, and the glands of the inflected tentacles 
pour forth much acid secretion. Bits of roast meat wore placed 
OQ some glands, and the t ' ' 



• Mrs. Treat haa given an i 
ocllent aocQunt in 'TheAmerii: 
N-,tmali8t,' DecemW lH7a,p.7 
01 Driueta longifoVa (which ii 




Ciui'. XIL 



DROSERA CAPENSIB. 



279 



I m. 30 s. i and in 1 hr. 10 m. reached fhe centre. Two bits of 
boiled cork, one of boiled thread, and two of coal-pin ders laken 
from tile fire, w(a:\i placed, by the nid of un instrumeot which 
hnd been immnraed iu boiling water, on five glands; tht*ie sniwr- 
fluous precautions having been taken on cuicount of M. Zitgler'e 
Btutementg. One of Ihe particles of cinder caused some iufli,'c1ion 
in 8 hrB. 45 m., aa did after 23 hrs. the other particle of cinder, 
the bit of thread, and both bita of cork. Three glands were 
touched, half a do»;en times irith a seeille; one of tlie tentaulea 
became well inflected in 17 m,andre'Cxpaiided after 21 lirs.; the 
two others never moved. The homogeneous fluid within the cells 
of the tentacles nndergoes aggregation after these liave become 
inflected ; especially if given a solution of carbonate of ammonia ; 
and 1 observed the nsual movements in the roaSBes of proto- 
plasm. In one case, aggregation ensued in 1 hr. lU m. after a 
tentacle had carried a bit of meat to the centre. From these 
facta it is clear that the tentacles of Diosera aiigli a beliave like 
those of Dvosera. lotutidi/olia. 

If an insect is placed on the central glands, or has 1ieen 
naturally canght there, the apex of the leaf cnrls inwards. 
For instance, dead flies were placed on three leaves near their 
bases, and after 24 brs. the previously straight apices were curled 
completely over, so as to embrace and cx)neeal the flies; they had 
therefore moved through an angle of IHO". After three days Ihe 
apex of one leaf, tflgother witU the tentacles, began to re-expand. 
But as far as I have seen— and I made many trials— the sides of 
the leaf are never inflected, and ttiis is the one functional difi'er- 
ence between this species and DTOsern ro'iiwiifolia. 

JJriwero iJiUrmtd-a (.Hajne).— This species is quite as common 
in some parts of England as Drosei'a Totandifolia. It differs from 
J)roiera anglica, as far as the leaves are concerned, only in their 
smaller size, and in their tips being generally a little reflexed. 
They capture a large number of insects. The tentacles are excited 
into movement by all the cansos above specified ; and aggregation 
ensues, with movement of the protoplasmic mosses. I have seen, 
through a lens, a tentacle beginning to bend in less than a 
minute after a particle of raw meat had been placed on the 
gland. The apex of the leaf curls over an exciting object as in 
the caseot /'inwnt anijlim. Acid secretion is eopiouoly poured 
over captured inat-cts. A leaf which had embraced a fly with 
ail its tentacles re-expanded after nearly three days. 

Driaeru ojpeiisit. — This Hpecies, a native of the Cape of Good 
Hope, was sent to me by Dr. Hooker. The leavts are elongated, 
slight!)- concave along the middle and taper towards the apex, 
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which is bluntly poiDted and reflexed. The; rise from an atmortJ 
woody axia, and their greatest peculiarity eonsiBta in theil'4 
follEiceouB green footstalks, nnich are almoet as broad and even j 
longer than the gland-bearing blade. This Epecies, therefore' 
probably draws more aonriBtment from the air, and less from 
captured insects, than the other species of the genus. Never- 
theless, the tentacles are crowded together on the diao, and are 
extremely numerous i those on tlie margins being much longer 
than the central ones. All the glands have the same form ; thtdz 
secretion is extremely viscid and acid. 

The specimen which I examined had only just recovered frian. I 
a weak state of health. This may account for the tentacles 
moving very slowly when particles of meat were placed on the 
glands, and perhaps for my never succeeding in cansing any 
movement by repeatedly toaching them with a needle. But 
with all the species of the genus this latter etimnlns is the least 
effective of any. Particles of glass, cork, and coal-ciuders, were 
placed on the glands of six tentacles ; and one alone moved after 
an interval of 2 hrs. 30 m. Nevertheless, two glands were ex- 
tremely sensitive to very small doses of the nitrate of ammonia, 
namely to about ^ of a Tiiiniin of a solution (one part to 5250 
of water), containing only - ^j^id s of a grain ('OOOoeQ mg.) of 
the salt. Fragments of flies were placed on two leaves near their 
tips, which became incurved in 15 hrs. A fly wa.s also placed in 
the middle of the leaf; in a few hours the tentacles on each side 
embraced it, and in 8 hrs. the whole leaf directly beneath the 
fly was a httle bent transversely. By the next morning, after 
23 hrs., the loaf was curled bo completely over that the apex 
rested on the upper end of the footstalk. In no case did the 
sides of the leaves become inflected. A crushed fly was placed 
on the foUac«ouG footstalk, l>nt produced no eftcct. 

Droserii tpath viala (sent to me by Dr. Hooker). — I made only a 
few observations on this Australian species, which has long, 
narrow leaves, gradually widening towards their tips. The 
glands of the extreme marginal tentacles are elongated and difler 
from the others, as in the case of Drosera rotundifolia. A fly wbb 
placed on a leaf, and in 18 hrs. it was embraced by the adjoining 
tentacles. Gum-watec dropped on several leaves prmluced no 
effect A fragment of a leaf was immersed in a few drops of a 
solution of one part of carlionate of ammonia to li6 of water; 
all the glands were instantly blackened ; the process of aggrega- 
tion could be seen travelling rapidly down the tells of the ten- 
tacles ; and the granules of protoplasm soon united into spheres 
and variously shaped masses, which displayed the usual movo' 
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ments. Half ft mitiim of a eolntion of one ■pott of nitrate of 
ammonia to 146 of water was next placed on the centre of a leaf ; 
after G hrs. Eome marginal tentaclaa on both Bides were inflected, 
and after 9 lira, they met in the centre. The lateral edges of the 
laaf also became incurred, so that it formed a half-cylinder; but 
the apox of the leaf in none of my few trials was inflected. Tbe 
above dose of the nitrate (viz. j^ of a grain, or ■W2 mg.) was too 
powerful, for in the courEe of 23 hrs. the leaf died. 

Drosera Jitiformis. — This North American species grows in 
Bnch abundance in parts of New Jersey as almost to cover the 
ground. It catehea, according to Mrs, Treat,* an eitroordinnrf 
iramber of small and large inBeeta, — even great fiiea of the 
genns Aailus, tnotbs, and butterflies. Tlie specimen which I 
eramined, sent me hy Dr. Hooker, had thread-like leavea, from 
6 to 12 inches in length, with the upper surface convex and 
the lower flat and slightly ehanneUed. The whole convex 
surface, down to the roots — for there is no distinct footstalk— ia 
covered with short gland-bearing tentacles, those on the margins 
being the longest and reflesed. Bita of meat placed on the 
glands of some tentacles caused tliem to be slightly inflected in 
20 m. ; but the plant was not in a vigorouB slate. After 6 hrs. 
they moved through an angle of 90°, and in 24 hrs. reached 
the centre. The surrounding tentacles hy this time began to 
curve inwards. Ultimately a large drop of extremely viscid, 
slightly acid secretion was poured over the moat from the 
united glands. Several other glands were touched with a little 
saUva, and tlie tentacles became Jncnived in under 1 hr., and 
re-expanded after 18 hrs. Particles of glass, corlt, cinders, 
thread, and gold-leaf, were placed on ncmerons glands on two 
leaves ; in about 1 hr. four tentacles became curved, and four 
others after an additional interval of 2 hrs. 30 m. I never once 
succeeded in causing any niovennent by repeatedly tonching the 
glands with a needle; and Hrs. Treat made similar trials far me 
with no success, Small flies were placed on several leaves near 
their tips, but the thread-like blade became only on one occasioQ 
vfry slightly bent, directly beneath the insect. Perhaps this 
indicates that the blades of vigorous plants would bend over 
captured insects, and Dr. Canity informs me that this is the 
ease ; but the movement cannot be strongly pronounced, afi it 
was not observed by Mrs. Treat. 

DTQsera binala {or dichotoma). — I am maoh iiidelilffll to Lad; 
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Dorothy Novill for a fine plant of thja almost gigantic Aastralian ■ 
speuieB, wliiah differs in some interesting pointe from those pre- 
■viouslj described, lu this Bpecimen the rusli-like footstalks of 
the leaves were 20 inches in length. The blade bifurcates at ita 
jimotion with the footstalk, and twice or thrice afltrwarda, ctitI- 
ing about in an irregular manner. It is narrow, being only -^ ■ 
of an inch in breadth. One blade was 7^ inches long, so that [ 
the entire Ica^ including the footstalk, was above 27 inches ia 
length. Both surfaces are slightly hollowed oiit. The upper 
surface is covered with tentacles arranged in alfi'mate rows; 
those in the middle being short and crowded together, those 
towards the margins longer, even twice or thrice as long as the 
blade is brood. The glands of the exterior tentacles are of a 
much darker red than those of the central ones. The pedicels 
of all are green. The apex of the blade is attenuated, and bears 
very long tentacles. Mr. Copland informs me that the loaves of 
a plant which he kept for some years were generally covered 
with captured insects before they withered. 

The leaves do not differ in essential points of structure or of | 
function from those of the previously described species. Bits of 
meat or a little saliva placed on the glands of the exterior 
tentacles caused well-marked movement in 3 m., and particles 
of glass acted in 4 ni. The tentacles with the lattur particles 
re-expanded after 22 hrs. A piece of leaf immersed in a few 
drops of a solution of one part of carbonate of ammonia to 437 
of water had all the glands blackened and all the tentacles 
inflected in 5 m. A bit of raw meat, placed on several glands in 
the medial furrow, was well clasped in 2 hrs. 10 m. hj the mar- 
ginal tentacles on both sides. Bits of roast meat and small flies 
did not act quite so quickly; and albumen and fibrin still less 
quickly. One of the bits of meat excited so much secretion 
(which ia always acid) that it flowed some way down the medial 
furrow, caasii^ the inflection of the tentacles on both sides as 
far as it extended. Particles of glass placed on the glands in the 
medial furrow did not stimulate them sufficiently for any rootor 
impulse to be sent to the outer tentacles. In no case was the 
blade of the leaf, even the attenuated apex, at all inflected. 

On both the upper and lower surface of the blade there are 
numerous minute, almost sessile glands, consisting of four, eight, 
or twelve cells. On the lower surtace they are pale purple, on 
the upper greenish. Nearly similar organs occur on the foot- 
stalks, but they .are smaller and often in a shrivelled condition. 
The minute glands on the blade can absorb rapidly ; thus, a 
piece of leaf was immersed in a solution of one nart <if carbonate 
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I to 218 of wafer (1 gi. to 2 oz.>, and in 5 m, they 
were bU 60 much darkened as to bo ulmast hlack, with their 
contents aggregated. They do not, as fkr as I conld ot^erre, 
secrete spo&tjmeonsly ; biit in between 2 and S hrs. sft«r a 
leaf had been riibl>ed with a bit of raw meat momteniKl with 
saHva, the; eeemed to be secreting free!; ; and tliis conclQEion 
woa-aftorwarda supported by otber appearances. Tliey are, 
therefore, homologous with the Ressile glivnds hereafter to be 
described on the leaves of Dionrea and Drosophyllum. In 
this latter genua they are associated, as in the present case, with 
glands which secrete spontaneously, that is, witiiout beiufi 
excited. 

Dronera hinatn presents another and more remartable pecu- 
liarity, namely, the presence of a few tentacles on the backs o^ 
the leaves, near their margins. These are perfect in strncture ; 
spiral Teasels run np their pedicels; their glands are Rur- 
rounded by drops of viscid secretion, and they have the power of 
absorbing. This latter fact was shown by the glands imme- 
diately becoming black, and the protoplasm agRregated, when 
a leaf was placed in a little solution of one part of carbonate 
of ammonia to 437 of water. These dorsal tentacles are short, 
not being nearly so long as the marginal ones on the Bpper 
surface; some of them are so short as almost to graduate into 
the minute sessile glands. Their presence, number, and size, 
vary on different leaves, and they are arranged rather irre- 
gularly. On the bock of one leaf I counted as many as twenty- 
one along one side. 

These dorsal tentacles differ in one important respect from 
those on the apper surface, namely, in not possessing any power 
of movement, in whatever manner they may be stimulated. Thus, 
portions of fi)nr leaves were placed at different times in solations 
of carbonate of ammonia (one part to 437 or 218 of water), and 
all the tentacles on the upper surface soon became closely 
inflected; but the dorsal ones did not move, thongii the leaves 
were left in the solution for many hours, and though their 
glands from their blackened colour had obviously absorlied some 
of the salt. lUither joung leaves should be selected for such 
trials, for the dorsal tentacles, as they grow old and begin to 
wither, often spontaneously incline towards the middle of the 
leaf. If these tentacles had posHpssed the power of movement, 
they would not have been thus rendered more serviceable to the 
plant; for they ore not long enough to bend round the margin 
of the leaf so os to reach an insect caught on the upper surface. 
Nor would it have been of any use if these tentacles could havs 
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moved towards the middle of the lower siirfaco, for there are 
no viscid glands there by which insects can be caught 
Although they have no power of movement, they are probably 
of fioraa use by nbaorbing animal matter from any minute inBcot 
which may be caught by them, and by absorbing ammonia from 
the rain-water. But their Yarying presence and size, and their 
irregnlai poeition, indicate that they are not of much service, 
and that they are tending towards abortion. In a future chap- 
ter we shall see that Drosopliyllum, with its elongated leaveB, 
probably represents the condition of an early progenitor of the 
gennfiDrosera; and none of the tentacles of Dro8ophyllTim,neither 
those on the upper nor lower surface of the leaves, are capable of 
movement when excited, though they capture numerous insects, 
which serve as nutriment. Therefore it seems that Z'rusera 
blnatft has retained remnants of certain anceetral characters- 
namely a few motionless tentacles on the backs of the leaves, 
and fairly well developed sessile glands — ^which have been lost by 
most or all of the other species of the genus. 

OoTU^uding 7JemarS».— From what we have uow seen, 
there can be little doubt that most or probably all the 
species of Drosera are adapted for catching insects by 
nearly the same means. Besides the two Australian 
species above described, it is said* that two other 
species from this country, namely Drosera pallida and 
Drosera sul^hurea, " close their leaves upon insects with 
" great rapidity : and the same phenomenon is mani- 
" fested by an Indian species, D. lunata, and by several 
"of those of the Cape of Good Hope, especially by 
"D. Irinervis," Another Australian species, Drosera 
heterophylla (made by Lindley into a distinct genua, 
Sondera) is remarkable from its peculiarly shaped 
leaTcs, but I know nothing of its power of catching 
insects, for I have seen only dried specimens. -The 
leaves form minute flattened cups, with the footstalks 
attached not to one margin, but to the bottom. Tha 
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inner surface and the edges of the cups are studded 
with tentacles, which include fibro-vascular bundles, 
rather different from those seen by me in any other 
species ; for some of the vessels are barred and punc- 
tured, instead of being spiral. The glands secrete 
copiously, judging from the quantity of dried secretion 
adhering to them. 
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BtnictOTS of Iho leaves — Scnsilivetieas of the flliinienls — Bapid 
movemHnl of tlie lobes oauBud by irritation of the fikmente — 
Glanda, their i>ower of necretion — Slnw movement caused by the 
absorption of Biumal matter — Evidcnca of absorption from the 
aggregated conditiou of the glands — Digestive power of the secre- 
tloD — AotioQ of ohlorofona, ether, and hydrooyaoic acid — 1'he 
manner in whioh insects are captured — Use of the margiual 
spibea — Kindt' of iiiet^tti captured — The transniisuioti of the motor 
impiilsD and medianiEm of the movements — He-eipaDsiiHi of t lis 
lobes. 

This plant, commonly called Venns' fly-trap, from the 
rapidity and force of its moTements, is one of the most 
wonderfal in ths world." It is a member of the 
small fiimily of the DroseraceiE, and is found only in 
the eastern part of North Carolina, growing in damp 
situations. The roots are small ; those of a mo- 
deiutely fine plant which I examined consisted of two 
branches abont 1 inch in len^h, springing from a 
bulbous enlargement. They probably serve, as in the 
case of Drosera, solely for the absorption of water; 
for a gardener, who has been very successful in the 
cultivation of this plant, grows it, like an epiphytic 
orchid, in well-drained damp moss without any soil.t 
The form of the bilobed leaf, with its tbliaceous foot- 
stalk, is shown in the accompanying drawing (fig. 12). 
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The two lobes stand at rather less than a right angle 
to each other. Three minute pointed processes or 
lllaruenta, placed triangularly, pn.iject from the upper 
Bui't'aci's of both ; but I have seeu two loaves with four 
filaments on each side, and another with only two. 
These filaments are remarkable from their extreme 
BensitiTeuesa to a touch, as shown not by their own 
movement, but by that of the lobes. The margins of 
the leaf are prolonged into sharp rigid projections 
which I will call spikes, into each of which a bundle 




of spiral veasels enters. The spikes stand in snch 
a position that, when the lobes close, they inter-lock 
like the teeth of a rat-trap. The midrib of the 
leaf, on the lower side, is strongly developed and 
prominent. ' 

The upper surface of the leaf is thickly covered, 
excepting towards the margins, with minute glands oi 
a reddish or purplish colour, the rest of the leal" being 
green. There are no glands on thu spikes, or on the 
foliaceous footstalk. The glands iire formed of from 
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twenty to thirty polygonal cells, filled with purple 
fluid. Their upper surface is convex. They stand on 
very abort pedicels, into which spiral vessels do not 
enter, in which respect they differ from the tentacles of 
Drosera. They secrete, but only when excited by the 
absorption of certain matters ; and they have the power 
of absorption. Minute projections, formed of eight 
divergent arms of a reddish-brown or orange colour, , 
and appearing under the microscope like elegant little 
flowers, are scattered in considerable numbers over the 
foot-stalk, the backs of the leaves, and the spikes, 
with a few on the upper surface of the lobes. These 
octofid projections are no doubt homologous with the 
papillte on the leaves of Drosera rotundifoUa. There 
are also a few Tery minute, simple, pointed hairs, 
about ^ilnw ("0148 mm.) of an inch in length on the 
backs of the leaves. 

The sensitive filaments are formed of several rows 
of elongated cells, filled with purplish fluid. They 
are a little above the -jij- of an inch in length ; are 
thin and delicate, and taper to a point. I examined the 
bases of several, making sections of them, but no trace 
of the entrance of any vessel could be seen. The apex 
is sometimes bifid or even trifld, owing to a slight 
separation between the terminal pointed cells. Towards 
the base there is constriction, formed of broader cells, 
beneath which there is an articulation, supported on 
an enlarged base, consisting of difierently shaped poly- 
gonal cells. As the filaments project at right angles 
to the surface of the leaf, they would have been liable 
to be broken whenever the lobes closed together, had 
it not been for the articulation which allows them to 
bend flat Aovra. 

These filaments, from their tips to their bases, are ei- 
(juisitely sensitive to a momentary touch. It is scarcely 
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possible to touch them ever so lightly or quickly 
with any hard object without causing the lobes to 
close. A piece of very delicate human hair, 2J inches 
in length, held dangling over a filament, and swayed 
to and fro so as to touch it, did not excite any movs- 
ment. But when a rather thick cotton thread of the 
same length was similarly swayed, tho lobes closed. 
Pinchea of fine wheaten flour, dropped from a height, 
produced no effect. The above-mentioned hair was 
then fixed into a handle, and cut off so that 1 inch 
projected ; this length being sufGciently rigid to sup- 
port itself in a nearly horizontal line. The extremity 
waa then brought by a slow movement laterally into 
contact with the tip of a filament, and the leaf instantly 
closed. On another occasion two or three touches of 
the same kind were necessary before any movement 
ensued. When we consider how flexible a fine hair 
is, we may form some idea how slight must be the 
touch given by the extremity of a piece, 1 inch in 
length, moved slowly. 

Although these filaments are so sensitive to a momen- 
tary and delicate touch, they are far less sensitive than 
the glands of Drosera to prolonged pressui'O'. Several 
times I succeeded in placing on the tip of a filament, 
by the aid of a needle moved with extreme slowness, 
bits of ratlier thick human hair, and these did not 
excite movement, although they were more than ten 
times as long as those which caused the tentacles of 
Drosera to bend ; and although in this latter case they 
wore largely supported by the dense secretion. On 
the other hand, the glands of Drosera may be struck 
with a needle or any hard object, once, twice, or even 
thrice, with considerable force, and no movement 
ensues. This singular difference in the native of 
the sensitiveness of the filaments of DiouEea and of 
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the gtanila of Uioaera evidently BtaDila in relatioQ to 
the hiihitsof the two plants. It' a minute insect alighta 
with its (lulicate t'tet on the glands of Droaera, it is 
CQiifihi by the viseiJ secretion, and the slight, though 
prolongf.'d pressure, gives notice of the presence of 
prey, which ia secured hy the slow bending of the 
tentacles. On the other hand, the sensitive filaments 
of Dioniea are not viscid, and the capture of insects 
can be assured only by their sensitiveness to a 
momentary touch, followed by the rapid closure of 
the lobes. 

As jnat stated, the filaments are not glandular, and 
do not secrete. Nor have they the power of absorption, 
as may be inferred from drops of a solution of car- 
bonate of ammonia (one part to 14G of water), placed 
on two filaments, not producing any efl'ect on the 
contents of their cells, nor causing the lobes to close. 
When, however, a small portion of a leaf with an 
attached filament was cut off and immersed in the same 
solution, the fluid within the basal cells became almost 
instantly aggregated into purplish or colourless, irre- 
gularly shaped masses of matter. The process of 
aggregation gradually travelled up the filaments from 
cell to cell to their extremities, that is in a reverse 
course to what oceurs in the tentacles of Drosera when 
their glands have been excited. Several other fila- 
ments were cut off close to tlieir bases, and left for 1 hr. 
30 m. in a weaker solution of one part of the carbonate 
to 218 of water, and this caused aggregation in all 
the cells, commencing as before at the bases of the 



Long immersion of the filaments in distilled water 
likewise causes aggregation. Nor is it rare to find 
the contents of a few of the terminal cells in a 
spontaneously aggregated condition. The aggregated 
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masses undergo incessant slow changes of fona, uniting 
and aguin separating ; and some of them apparently 
revolve round their own axes. A current of colourless 
granular protojihism could also be seen travelling 
round the walls of the cella. This current ceases to ] 
be visible as soon as the contents are well aggregated; | 
but it probably still continues, though no longer 
visible, owing to all the granules in the flowing layer 
having becomo united with the central masses. In all 
these respects the filaments of Dionasa behave exactly 
like the tentacles of Drosera. i 

Notwithstanding this similarity there is one re- J 
markable diflerence. The tentacles of Drosera, after } 
their glands have beenrepeatedly touched, or a partide i 
of any kind has been placed on them, become inflected i 
and strongly aggregated. No such effect is pro* 
duced by touching the filaments of Dionffia; I com- ' 
pared, after an hour or two, some which had been I 
touched and some which had not, and others after 
twenty-five hours, and there was no difference in the 
contents of the cells. The leaves were kept open all 
the time by clips; so that the filaments were not 
pressed against the opposite lobe. 

Drops of water, or a thin broken stream, falling j 
from a height on the filaments, did not cause the j 
blades to close ; though these filaments were afterwards 1 
proved to be highly sensitive. No doubt, as in the 
case of Drosera, the plant is indifferent to the heaviest 
shower of rain. Drops of a solution of a half an ounce 
of sugar to a fluid ounce of water were repeatedly 
allowed to fail from a height on the filaments, but 
produced no effect, unless they adhered to them. 
Again, I blew many times through a fine pointed 
tube with my utmost force against the filaments 
without any effect; such blowing being received 
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witli as mucli indifference as no doubt ia a heavy gala 
of wind. Wo ttua see that the senaitivenega of the ■ 
filaments is of a specialised nature, being related to a 
momentary touch rather than to prolonged pressure ; 
and the touch must not be from fluids, such aa air or 
water, but from some solid object. 

Although drops of water and of a moderately strong 
Bolution of sugar, falling on the filaments, does not 
excite them, yet the immersion of a leaf in pure water 
sometimes caused the lobes to close. One leaf was left 
immersed for 1 hr. 10 m., and three otber leaves for 
some minutes, in water at temperatures varying be- 
tween 59° and 65° (15° to 18°'3 Cent.) without any 
effect. One, however, of these four leaves, on being 
gently withdrawn from the water, closed rather 
quickly. The three other leaves were proved to be in 
good condition, as they closed when their filaments 
were touched. Nevertheless two fresh leaves on being 
dipped into water at 75° and 624° (23°-S and 16°-9 
Cent.) instantly closed. These were then placed with 
their footstalks in water, and after 23 brs. partially 
re-expanded; on touching their filaments one of 
them closed. This latter leaf after an additional 
24 hrs. again re-expanded, and now, on the filaments 
of both leaves being touched, both closed. We thus 
see that a short immersion in water does not at all 
injure the leaves, but sometimes excites the lobes 
to close. The movement in the above cases was 
evidently not caused by the temperature of the water. 
It baa been shown that long immersion causes the 
purple fluid within the cells of the sensitive filaments 
to become aggregated ; and the tentacles of Drosera 
are acted on in the same manner by long immersion, 
often being somewhat inflected. In both cases the 
result is probably due to a slight degree of exosmose. 
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I am confirmed in thia belief by the effects of 
imraersing a leaf of Dionsea in a moderately strong 
solution of augar ; tlie leaf having been previously left 
for 1 hr. 10 m. in water without any effect ; for now the 
lobes closed rather quickly, the tips of the marginal 
spikes crossing in 2 m. 30 s,, and the leaf being com- 
pletely shut in 3 m. Three leaves were then immersed 
in a solution of haK an ounce of sugar to a fluid 
ounce of water, and all three leaves closed quickly. 
As I was doubtful whether this was due to the cells on 
the upper surface of the lobes, or to the sensitive fila- 
ments, being acted on by exosmose, one leaf was first 
tried by pouring a little of the same solution in the 
furrow between the lobes over the midrib, which is the 
chief seat of movement. It was left there for some time, 
but no movement ensued. The whole upper surface of 
leaf was then painted (except close round the bases of 
tlie sensitive filaments, which I could not do without 
risk of touching them) with the same solution, but 
no effect was produced. So that the cells on the upper 
surface are not thus affected. But when, after many 
trials, I succeeded in getting a di-op of the solution to 
cling to one of the filaments, the leaf quickly closed. 
Hence we may, I think, conclude that the solution 
causes fluid to pass out of the delicate cells of the 
filaments by exosmose ; and that thia sets up some 
molecular change in their contents, analogous to that 
which must be produced by a touch. 

The immersion of leaves in a solution of sugar 
affects them for a much longer time than does an 
immersion in water, or a touch on the filaments ; for in 
these latter cases the lobes begin to re-expand in less 
than a day. On the other hand, of the three leaves 
which were immersed for a short time in the solution, 
and were then washed by means of a syringe inserted 
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between the lobes, one re-expanded after two days; 1 
a second after "seven days ; and the third after nine I 
days. The leaf which closed, owing to a drop of the I 
solntion haying adhered to ono of the filaments, ' 
opened after two days. 

I was surprised to find on two occasions that the 
heat from the rays of the sun, concentrated by a lens ' 
on the bases of several filaments, so that they were J 
scorched and discoloured, did not cause any move- | 
ment ; though the leaves were active, as they closed, 
though rather slowly, when a filament on the opposite 
side was touched. On a third trial, a fresh leaf closed 
after a time, though very slowly ; the rate not being 
increased by one of the filaments, which had not been 
injured, being touched. After a day these three leaves 
opened, and were fairly sensitive when the uninjured 
filaments were touched. The sudden immersion of a 
leaf into boiling water does not cause it to close. 
Judging from the analogy of Drosera, the heat in 
these several cases was too great and too suddenly 
applied. The surface of the blade is very slightly 
sensitive ; it may be freely and roughly handled, with- 
out any movement being caused. A leaf was scratched 
rather hard with a needle, but did not close ; but when 
the triangular space between the three filaments on 
another leaf was similarly scratched, the lobes closed. 
They always closed when the blade or midrib waa 
deeply pricked or cut. Inorganic bodies, even of large 
size, such as bits of stone, glass, iSre. — or organic bodies 
not containing soluble nitrogenous matter, such as bita 
of wood, cork, moss,- — or bodies containing soluble 
nitrogenous matter, if perfectly dry, such as bits of 
meat, albumen, gelatine, &c., may be long left (and 
many were tried) on the lobes, and no movement is 
fxcited. The result, however, is widely difierent, as 
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ehall presently see, if nitrogenous organic todies which 
are at all damp, are left on the lobes ; for thesii then 
close by a slow and gradual movement, very different 
from that caused by touching one of the sensitive fila- 
ments. The footstalk is not in the least sensitive; 
a pin may be driven through it, or it may be cut off, 
and no movement follows. 

The upper surface of the lobes, as already stated, 
is thickly covered with small purplish, almost sessile 
glands. These have the power both of secretion 
and absorption ; but unlike those of Drosera, they 
do not secrete until excited by the absorption of 
nitrogenous matter. No other excitement, as far aa I 
have seen, produces this effect. Objects, such as bits 
of wood, cork, moss, paper, stooe, or glass, may be left 
for a length of time on the surface of a leaf, and it 
remains quite dry. Nor does it make any difference if 
the lobes close over such objects. For instance, some 
little balls of blotting paper were placed on a leaf, 
and a filament was touched ; and when after 24 his. 
the lobes began to re-open, the balls were removed by 
the aid of thin pincers, and were found perfectly dry. 
On the other hand, if a bit of damp meat or a crushed 
fly is placed on the surface of an expanded leaf, the 
glands after a time secrete freely. In one such case 
there was a little secretion directly beneath the meat 
in 4 bra.; and after an additional S hrs. there was a 
considerable quantity both under and close round it, 
In another case, after 3 hrs. 40 m., the bit of meat was 
quite wet. But none of the glands secreted, except- 
ing those which actually touched the meat or the 
secretion coutaining dissolved animal matter. 

If, however, the lobes are made to close over a bit of 
meat or an insect, the restilt is different, for the glands 
over the whole surface of the leaf now secrete copiously. 
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As in this case the glands on both sides are pressed 
against the meat or insect, the secretion from the first 
ia twice as great aa when a bit of meat is laid on the 
surface of one lobe ; and as the two lobes come into 
almost close contactj the secretion, containing dis- 
solved animal matter, spreads by capillary attraction, ( 
causing fresh glands on both sides to begin secreting 
in a cootinually widening circle. The secretion is 
almost colourless, slightly mucilaginous, and, judging 
by the manner in which it coloured litmus paper, 
more strongly acid than that of Drosera. It is bo 
copious that on one occasion, when a leaf was cut 
open, on which a small cube of albumen had been 
placed 45 hrs. before, drops rolled off the leaf. On 
another occasion, in which a leaf with an enclosed bit I 
of roast meat spontaneously opened after eight days, 
there was so much secretion in the furrow oyer the 
midrib that it trickled down. A large crushed fly 
(Tipula) was placed on a leaf from which a small 
portion at the base of one lobe had previously been 
cut away, so that an opening was left ; and through 
this, the secretion continued to run down the footstalk 
during nine days, — that is, for as long a time as it was 
observed. By forcing up one of the lobes, I was able 
to see some distance between them, and all the glands 
within sight were secreting freely. 

We have seen that inorganic and non-nitrogenouB 
objects placed on the leaves do not excite any move- 
ment ; but nitrogenous bodies, if in the least degree 
damp, cause after several hours the lobes to close 
slowly. Thus bits of quite dry meat and gelatine were 
placed at opposite ends of the same leaf, and in the 
course of 24 hrs. excited neither secretion nor move- 
ment. They were then dipped in water, their sur- 
iaces dried on blotting paper, and replaced on the sama 



Chap. SIU. SECRETION ANP ADSOEPTIWr. 



297 ' 



leaf, tlie plant being now covered with a bell-gla 
After 24 brs, tiie damp meat had excited some acid 
Bccretiou, and the lobes at this end of the leaf were 
almost shut. At the other end, where the damp gela- 
tine lay, the leaf was still quite opon, nor had any _ 
secretion been excited ; so that, as with Drosera, gela- 
tine is not nearly so exciting a substance aa meat. 
The secretion beneath the meat was tested by push- 
ing a strip of litmus paper under it (the filaments not 
being touched), and this slight stimulus caused the 
leaf to shut. On the eleventh day it reopened ; but 
the end where the gelatine lay, expanded several hours 
before the opposite end with the meat. 

A second bit of roaat meat, which appeared dry, 
though it had not been purposely dried, was left for 
24 hrs. on a leaf, caused neither movement nor secre- 
tion. The plant in its pot was now covered with a 
bell-glass, and the meat absorbed some moisture &om 
the air ; this sufficed to excite acid secretion, and by ' 
the next morning the leaf was closely shut. A third 
bit of meat, dried so as to be quite brittle, was placed 
on a leaf under a bell-glass, and this also became in 
24 hrs. slightly damp, and excited some acid secretion, 
but no movement. 

A rather large piece of perfectly dry albumen was 
left at one end of a leaf for 24 hrs. without any 
effect. It was then soaked for a few minutes in 
water, rolled about on blotting paper, and replaced 
on the leaf; in 9 hrs. some slightly acid secretion 
was excited, and in 24 hrs. this end of the leaf was 
partially closed. The bit of albimicn, which was now 
surrounded by much secretion, was gently removed, 
and although no* filament was touched, the lobes 
closed. In this *and the previous case, it appears that 
the absorption of animal matter by the glands renders 
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the surface of the leaf much more sensitive to a touch ] 
than it is in ita oidinary state ; and this is a curious | 
fact. Two days afterwards the end of the leaf wfaera J 
nothing had been placed began to open, and on the- I 
-third day was much more open than the opposite end I 
where the albumen had lain. 

Lastly, large drops of a solution of one part of ca^ J 
bonate of ammonia to 146 of water were placed on [ 
some leaves, but no immediate movement ensued. I 
did not then know of the slow movement caused by 
animal matter, otherwise I should have observed the 
leaves for a longer time, and they would probably 
have been found closed, though the solution (judging 
from Drosera) was, perhaps, too strong. 

From the foregoing cases it is certain that bits of I 
meat and albumen, if at all damp, excite not only tha 
glands to secrete, but the lobes to close. This move- I 
ment is widely difl'erent from the rapid closure caused 
by one of the filaments being touched. We shall see 
its importance when we treat of the manner in which 
insects are captured. There is a great contrast be- 
tween Drosera and Dionrea in the effects produced by 
mechanical irritation on the one hand, and the absorp- 
tion of animal matter on the other. Particles of glass 
placed on the glands of the exterior tentacles of Dro- 
sera excite movement within nearly the same time, 
as do particles of meat, the latter being rather the 
most efficient ; but when the glands of the disc have 
bits of meat given them, they transmit a motor impulse 
to the exterior tentacles much more quickly than do 
these glands when bearing inorganic particles, or 
when irritated by repeated touches. On the other 
hand, with Diontea, touching the filaments excites 
incomparably quieter movement than the absorption 
of animal matter by the glands. Nevertheless, in 
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certain cases, this latter stimulus is tke more powerful 
of the two. Ou three occasions leaves were found, 
which from some cause were torpid, so tJiat their lohes 
closed only slightly, however much their filaments 
were irritated ; hut on inserting crushed insects 
between the lohes, they became in a day closely shut. 
The facts juat given plainly show thiit the glands 
have the power of absorption, for otherwise it ia im- 
possible that the leaves should be so differently af- 
fected by non-nitrogenous and nitrogenous bodies, and 
between these latter in a dry and damp condition. It 
ia surprising how slightly damp a bit of meat or albu- 
men need be in order to excite secretion and afterwards 
slow movement, and equally surprising bow minute a 
quantity of animal matter, when absorbed, suftices to 
produce these two effects. It aeema hardly credible, 
and yet it is certainly a fact, that a bit of bard-boiled 
white of egg, first thoroughly dried, then soaked 
for some minutes in water and rolled on blotting 
paper, should yield in a few hours enough animal 
matter to the glands to cause them to secrete, and 
afterwards the lohes to close. That the glands have 
the power of absorption is likewise shown by the very 
different lengths of time (as we shall presently see) 
during which the lobes remain closed over insects and 
other bodies yielding soluble nitrogenous matter, and 
over such as do not yield any. But there is direct 
evidence of absorption in the condition of the glands 
which have remained for some time in contact with 
animal matter. Thus bits of meat and crushed insects 
were several times placed on glands, and these were 
compared after some hours with other glands from 
distant parts of the same leaf. The latter showed 
not a trace of aggregation, whereus those which 
had been in contact with the animal matter were 
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well aggregated. Aggregation may be seen to 
very quickly if a piece of a leaf is immersed in 1 
a weak solution of carbonate of ammonia. Again, 
small cubes of albumen and gelatine were left for j 
eight days on a leaf, wliicli was then cut open. Thai 
whole surface was bathed with acid secretion, an^l 
every cell in the many glands which were examined 1 
had its contents aggregated in a beautifni manner 
into dark, or pale pnrple, or colourless globular 
masses of protoplasm. These underwent incessant 
slow changes of forms ; sometimes separating from 
one another and then reuniting, exactly as in the 
cells of Droaera, Boiling water makes the contents 
of the gland-cells white and opaque, but not so 
purely white and porcelain-Kke as in the case of 
Drosera. How living insects, when naturally caught, 
excite the glands to secrete so quickly as they do, I 
know not; but I suppose that the great pressure to 
which tbey are subjected forces a little excretion 
from either extremity of their bodies, and we have 
seen that an extremely small amount of nitrogenous 
matter is sufficient to excite the glands. 

Before passing on to the subject of digestion, I may 
state that I endeavoured to discover, with no success, 
the functions of the minute octofid processes with 
which the leaves are studded. From facts hereafter t« 
be given in the chapters on Aldrovanda and Utricu- 
laria, it seemed probable that they served to absorb 
decayed matter left by the captiu'ed insects; but 
their position on the backs of the leaves and on the 
footstalks rendered this almost impossible. Never- 
theless, leaves were immersed in a solution of one part 
of urea to 437 of water, and after 24 hrs. the orange 
layer of protoplasm within the arms of these processea 
did not appear more aggregated than in other speci- 
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mena kept in water. I then tried suapending a leaf 
in a bottle over an excessively putrid infusion of 
raw meat, to see whether they absorbed the vapour, 
but their contents were not aifected. 

Digestive Power of the Secretion'— When a leaf closes 
over any object, it may be said to form itself' into a 
temporary stomach ; and if the object yields ever so 
little animal matter, this serves, to use SchifTs expres- 
sion, as a peptogene, and the glands on the surface 
pour forth their acid secretion, which acts like the 
gastric juice of animals. As so many experiments 
were tried on the digestive power of Drosera, only a 
few were made with Dion^a, but they were amply 
sufficient to prove that it digests. This plant, more- 
over, is not so well fitted as Drosera for observation, 
as the process goes on within the closed lobes. Insects, 
even beetles, after being subjected to the secretion for 
several days, are surprisingly softened, though their 
chitinous coats are not corroded. 



Expenm^t I. — A cube of albumen of ^ of an inch (S'510 
mm.) was placed at one ond of a leaf, and at the other end 
an oblong piece of gelatine, J of an inch (5-08 mm.) long, and 



• Dr. W. M. Canby, of Wil- 
mington, to H'liom I am tziut^h 
Indebted for itifonuiition legard- 
ing DioniDB in its iat(ve liome, 
has publlabed in the ' Gatdener'B 
Hoathl;,' Fiiiladelphia, August 
ItltJH, BOtne iDtersBtlnj; obaerva- 
tiona. He asceituined that the 
secretion digeata animnl matter, 
such as the onatents of insects, 
bits ef meat, &a.; and that the 
secretion le reabgorbed. He was 
atai) well awitro thnt the lobes 
jemnln oloaed for a much longer 
time when in contact with aniiuiil 
mutter tbiLn when mode to shut 
by a miire touch, or over objects 



not yielding soluiiie r 
and thitt in these Irttter aaaca the 
glauda do not secrete. The Rev. 
Dr. Cuttia lirat observed (' Boston 
Journal Nat. Hist.' vol. i. p. 123) 
the Beoretiau from the glands. I 
may here add tliuC a f>;(ird<>ucr. 
Air. Knight, ia aaid (kirby and 
Bpenoer's ' IntroiluotioQ in Ento- 
mology,' 1B18, vol. i p, 205) to 
httVB found that a plant of the 
I linniea, on the leavea of which 
"be laid line filaments of raw 
beef, y/aa muoh more iuxuruLat 
in its growth than othitra not ao 
troittoi" 
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■j^ broad; the leaf was then made to elose. It was cnt open 
after 45 hrs. The albumen wbb hard aad compresHed, with 
its MnHlea only a Iiitle roiiiidcd. ; the pclatinu was corroded into 
an oval form ; and lioth were batlied iu bo much acid secretion 
tliat it diupped o£f the leaf. The digestiTe process apparently 
is riither Blower than in Drosora, and this a^jreeti with the length 
of time during which the leaves remain cloeed over digestible I 
objects. 

Expe<invni 2. — A bit of albumen -^ of an inch Bqnare, but 
only -Ju in thickness, and a piece of gelatine of the same size as 
before, wore placed on a leaf, which eight days afterwards was 
eiit open. Tiie saiface was bathed with slightly adheeive, very 
acid eeeretion, and the glands were all in an aggregated condi- 
tion. Not a vestige of the albumen or gelatine was left. Simi- 
larly sized pieces were placed at the same time on wet moss on 
the same pot, so that they were subjected to nearly simitar cea" 
ditions ; after eight days these were brown, decayed, and matted 
with fibres of mould, bnt had not disappeared. ■ 

KsEptrimsiit 3. — A piece of albumen ^ of an inch {3'81 mm._i 3 
long, and -^ broad and thick, and a piece of ge'atine of the 
same size as before, were plactd on another leaf, which was out 
open after seven days; not a vestigo of either substance was 
left, and only a moderate amoiint of secretion on the surface, 

ExiitHrmnl 4. — Pieces of albumen and gelatine, of the same 
size as in the last experiment, were pla<;ed on a leaf, which 
spontaneously opened after twelve days, and here again not a 
ves'igo of either was left, and only a little secretion at one end 
of the midrib, 

Eiitrimei.t 5.— Keees of albumen and gelatine of the same 
size were placed on another leaf, which after twelve days was 
still firmly closed, but had begun to wither; it was cut open, 
and contained nothing except a vestige of brown matter where 
the albumen had lain. 

Eaperimeiit 6. — A cube of albumen of ^ of an inch and a 
piece of gelatine of the same size as before were placed on a 
leaf, which opened spontaneously after thirteen days. The 
albumen, which was twice as thick as in the latter experiments, 
was too large ; for the glands in contact with it were injured 
and were dropping off; a film also of albumen of a brown 
colour, matted with mould, was left. All the gelatine was 
absorbed, and there was only a little Bi:id secretion left on 
the midrib. 

Maprrimimt 7. — A hit of half roasted meat (not measured) and 
a bit of gelatine were placed on the two ends of a leaf, which 
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opened spontaneoiiBly after eleven dayti; a vestige of tbo meat 
was left, and the aurfiice of the leaf was here blm^kened; the 
gelatiue hud all diBappeared. 

Brperivtenl 8.— A liit of half roasted moat {not meaanred) 
was placed on a leaf which was forcititj kept o])en b; a clip, so 
that it wEw rooistened with the secretion (very acid) only on its 
lower But&ce. Neverthelesa, after only 2ill hra. it was snr- 
prisingly softened, when compared with another bit of the 
same meat which had been kept damp. 

Jixjierinieat 9.^A cube of ^ of on inrli of Tcty compact 
roasted beef was placed on a leaf, which opened Bpontajieouely 
after twelve days ; so ranch feebly acid secretion was left on tlie 
leaf that it trichled off. The meat wa£ completely disintegrated, 
bnt not all dissolved; there was no niouldj The little moea was 
placed under the microscope; Bome of the fibrillie in the middle 
still eshibitC'I transverse sb'ite; others showed not a vestige 
of strife ; and every gradation could be traced between theeo 
two states. t-Globules, apparently of fat, and some nndigeetod 
fibro-elastic tisane remained^ The meat was thus in the 
same state as that formerly described, which was half di- 
gested by Drosera. Here, again, as in the case of albumen, 
the digestive process eeems slower than in Drosera. At the 
opposite end of the same leaf, a firmly compre»jed pellet of 
bread had been placed ; this was complefcly disinfograted, I 
HuppoRe, owing to the digestion of the gluten, but seemed very 
little redueed is bulk. 

Experiment 10. — ^A culie of ^ of an inch of cheese and 
another of albumen were placed at opposite ends of the same 
leaf After nine days the lobes ojiened spontaneoualy a little 
at the end esalosing the cheese, but hardly any or none was 
disHolvod, though it was softened and surrounded by secre- 
tion. Two days subsequently the end with the albumen also 
opened spontaneously (i.e. eleven days after it was put on), a 
mere trace in a blackened and dry condition being left. 

Experiment 11. — The same esperiment with cheese and albu- 
men repeated on another and rother torpid leaf The lobes at the 
end with the cheese, after an interval of sii days, opened spon- 
taneously a little; the cube of cheese was much softened, but 
not dissolved, and hut little, if at all, reilneed in size. Twelve 
hours afterwards the end with the albumen opened, which 
now consisted of a lai^e drop of transparent, not acid, viscid 
fluid. 

Ex/ieHmrnt 12. — Same experiment as the two last, and hero 
again the leaf at the end enclosing the cheese opened before the 
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opposite end with tlie albumen ; but no further obBerratJou 1 
were mode. 

Eivpei'iment 13. — A globule of chemically prepared casein, ] 
ftboiit -jij of an inch ia diameter, was pkcei on a leaf, which ] 
spontanooUBly opened after eight daye. The casein now 
siated ot a Hoft sticky mass, very little, if at all, redniied in sizs, | 
but bathed in acid secrotjoti. 

These experiments are eufficient to show tliat the J 
secretion from the glands of Dionasa dissolves albn-f 
men, gelatine, and meat, if too large pieces are J 
not given. Globulea of fat and fibro-elastic tissue 1 
are not digested. The secretion, with its dissolved ' 
matter, if not in excess, is subsoqnently absorbed. On 
the other hand, althongh chemically prepared casein 
and cheese (as in the cose of Drosera) excite much 
acid secretion, owing, I presume, to the absorption of 
some included albuminous matter, these substances 
are not digested, and are not appreciably, if at all, 
reduced in bulk, 

Effects (/ tht VapmiTi of OMoro/orm, Sulphuric Eilier, and Hydro- i 
cyanic Acid. — A plant bearing one leaf was introduced into ft ' 
large bottle with a drachm (3'549 ml.) of ohJoroform, the moath 
being imperfectly closed with cotton-wool. The vaponr caueed 
in 1 m. the lobes to begin moving at an imperceptibly slow rate ; 
but in 3 m. the spikes crossed, and the leaf was soon com- 
pletely shut. The dose, however, was much too large, for in 
between 2 and 3 hrs. the leaf appeared as if botat, and soon 

Two leaves were exposed for 30 m. in a 2-oz. vessel to the 
vapour of 30 minims (I'TTl ml.) of Kulphuric ether. One leaf 
closed aft«r a time, as did the other whilst being removed from 
the vessel without being touched. Both leaves were greatly 
injnred. Another leaf, exposed for 20 m. to 16 minims of ether, 
closed its lobes to a certain extent, and the sensitive filaments 
were now quite insensible. After 2i his, this leaf recovered 
its sensibility, but was still rather torpid. A leaf exposed 
in a large bottle for only 3 m. to ten drops was rendered 
insensible. After 52 m. it recovered its sensibility, and when 
one of the filaments was touched, the lolies closed. It began 
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to reopen after 20 hra. lastly another leaf was espoeod for 4 m. 
to only fonr drops of the ether ; it was rendered inEeDsibte, and 
did not close when its filaments were repeatedly tonehed, but 
closed when the end of the open leaf was cut oK This showi 
either that the intenia) parts bad not been rendered insensihle, 
or that an incision ie a more powerful stimulus than i«peat«d 
touchee on the filaments. Whether the larger doses of chloro- 
form and ether, whieh wmsed the leaves to close slowly, 
acted on the sensiti've filaments or on the leaf itself, I do not 

Cyanide of potassium, when left in a bottle, generates prussio 
or hydrocjanio acid, A leaf was exposed for 1 hr. 35 m. to the 
Tapour thuE formed; and the glands became within this time 
BO colonrlesB and shrunken as to be scarcely visible, and I at 
first thought that they had all dropped off. The leaf was not 
rendered insensible; for as soon as one of the filaments was 
touched it closed. It had, however, Buffered, for it did not 
reopen until nearly two days had paased, and was not even 
then in the least sensitlTe. After an additional day it recovered 
its powers, and closed on being touched and subsequently re- 
opened. Another leaf behaved ia nearly the same manner after 
a eliorter exposure to this vapour. 



, On the Manner in which Lisects are eaughi. — We will 
now consider the action of the leaves when inaecta 
happen to touch one of the sensitive filomenta. This 
often occurred in my greenhouse, but I do not know 
whether insects are attracted in any special way hy 
the leaves. They are caught in large numbers by the 
plant in its native country. As soon as a filament ia 
touched, both lobes close with astonishing quickness ; 
and as they stand at less than a right angle to each 
other, they have a good chance of catching any in- 
truder. The angle between the blade and footatalk 
does not change when the lobes close. The chief seat 
of movement is near the midrib, but ia not confined 
to this part; for, as the lobes come together, each 
curves inwards across its whole breadth ; the marginal 
spikes however, not becoming curved. This move- 
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ment of the whole lobe was well seen in a leaf to 
which a large fly had been given, and from which 
a large portion had been cut off the end of one lobe ; 
so that the opposite lobe, meeting with no re- 
sistance in this part, went on curving inwards mucbg 
beyond the medial line. The whole of the lobe, fronjj 
which a portion had been cut, was afterwards removed, 
and the opposite lobe now curled completely over, 
passing through an angle of from 120° to 130% 
03 to occupy a position almost at tight angles to 
that which it would have held had the opposite lobS'. 
been present. 

From the curving inwards of the two lobes, as they 
move towards each other, the straight marginal spikes 
intercross by their tips at first, and ultimately by their 
bases. The leaf is then completely shut and encloses 
a shallow cavity. If it has been made to shut merely 
by one of the sensitive filaments having been touched) 
or if it includes an object not yielding soluble nitro- 
genous matter, the two lobes retain their inwardly 
concave form ontil they re-expand. The re-expansion 
under these circumstances — that ia when no organic 
matter is enclosed — was observed in ten eases. In all 
of these, the leaves re-expanded to about two-thirds of 
the full extent in 24 hi^s. from the time of closure. 
Even the leaf from which a portion of one lobe had 
been cut off opened to a slight degree within this same 
time. In one case a leaf re-expanded to about two- 
thirds of the full extent in 7 hrs., and completely in 
32 hrs. ; but one of its filaments had been touched 
merely with a haii just enough to cause the leaf to 
close. Of these ten leaves only a few re-espanded 
completely in less than two days, and two or three 
required even a little longer time. Before, how- 
ever, they fully re-expand, thoy are ready to close 
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iiistantly If tboir sensitive filaments aie touched. 
How miiny times a leaf is capable of shutting and 
opening if no animal matter ia left enclo3ed, I do 
not know ; but one leaf was mad© to close four times, 
reopening afterwards, witbin six days. On the last 
occasion it caught a 8j, and then remained closed for 
many days. 

Thia power of reopening quickly after the filaments 
Iiave been accidentally touched by blades of grass, 
or by objects blown on the leaf by the wind, as 
occasionally happens in its native place," must be of 
some Lmportance to the plant ; for as long as a 
leaf remains closed, it cannot of course capture an 
insect. 

When the filaments are irritated and a leaf is made 
to shut oyer an insect, a bit of meat, albumen, gela- 
tine, casein, and, no doubt, any other substance con- 
taining soluble nitrogenous matter, the lobes, instead 
of remaining concave, thus including a concavity, 
slowly press closely together throughout their whole 
breadth. As this takes place, the margins gradually 
become a little everted, so that the spikes, which at first 
intercrossed, at last project in two parallel rows. The 
lobes press against each other with such force that I 
have seen a cube of albumen much flattened, with 
distinct impressions of the little prominent glands ; but 
this latter circumstance may have been partly caused 
by the corroding action of the secretion. So firmly do 
they become pressed together that, if any large insect 
or other object has been caught, a corresponding pro- 
jection on the outside of the leaf is distinctly visible. 
When the two lobes are thus completely shut, they 



* Aocordlng to Dr. OnrUi, in ' Boalon Jounukl of Nat. Hiit 



308 



DIOSJ14. SnJSCIPULA. 



resist being opened, as by a thin wedge driven 
between them, with astonishing force, and are gene- 
rally mptured rather than yield. If not ruptured, , 
they close again, as Dr. Canby informs me in a letter, ■ 
"with quite a lend flap." But if the end of a leaf ] 
is held firmly between the thumb and finger, or by a 
clip, 80 that the lobes cannot begin to close, they 
exert, whilst in thia position, very little force. 

' I thought at first that the gradual pressing together , 
of the lobes was caused exclusively by captured 
insects crawling over and repeatedly irritating the 
sensitive filaments ; and this view seemed the more 
probable when I learnt from Dr. Burdon Sanderson 
that whenever the filaments of a closed leaf are irri- 
tated, the normal electric current is disturbed. Never- 
theless, such irritation is by no means necessary, for s. 
dead insect, or a bit of meat, or of albumen, all act 
equally well; proving that in these cases it is the 
absorption of animal matter which excites the lobes 
slowly to press close together. We have seen that the 
absorption of an extremely small quantity of such 
matter also causes a fully expanded leaf to close 
slowly; and this movement is clearly analogous to 
the slow pressing together of the concave lobesTA This 
latter action is of high functional importance to the 
plant, for the glands on both sides are thus brought 
into contact with a captured insect, and consequently 
secrete. The secretion with animal matter in solution 
is then drawn by capillary attraction over the whole 
surface of the leaf, cafising all the glands to secrete 
and alloiving them to absorb the diffused animal matter. 
The movement, excited by the absorption of such 
matter, though slow, suffices for its final purpose, 
whilst the movement excited by one of the sensitive 
filaments being touched is rapid, and this is indis- 
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pensable for the capturing of insects. These two move- 
ments, excited by two such widely different means, ' 
are thus both well adapted, like all the othet 
functions of the plant, for the purposes which they 
subserve. , 

There is another wide difference in the action of ' 
leaves which enclose objects, such as bits of wood, 
cork, balls of paper, or which have had their filaments 
merely touched, and those which enclose organic 
bodies yielding soluble nitrogenous matter. In the 
former case the leaves, as we huve seen, open in imder 
24 hrs. and are then ready, even before being fiilly 
expanded, to shot again. But if they have closed 
over nitrogen-yielding bodies, thoy remain closely 
shut for many days; and after re-espanding are 
torpid, and never act again, or only after a consider- 
able interval of time. In four instances, leaves after 
catching insects never reopened, but began to wither, 
remaining closed— in one case for fifteen days over 
a fly ; in a second, for twenty-four days, though 
the fly was small ; in a third for twenty-four days over 
a woodlouae ; and in a fourth, for thirty-five days over 
a largo Tipula. In two other cases leaves remained 
closed for at least nine days over flies, and for how 
many more I do not know. It should, however, be 
added that in two instances in which very small 
insects had been naturally caught the leaf opened 
as quickly as if nothing had been caught ; and I 
suppose that this was due to such small insects not 
having been crushed or not having excreted any 
animal matter, so that the glands were not excited. 
Small angular bits of albumen and gelatine were 
placed at both ends of three leaves, two of which 
remained closed for thirteen and the other for twelve 
days. Two other leaves remained rlosed over bits of 
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meat for eliiveu days, a third leaf for eight days, and J 
a fourth (but this had been cracked and injured) 
only six days. Bits of cheese, or casein, were placed | 
at one end and albumen at the other end of three I 
leaves; and the ends with the former opened after 
six, eight, and nine days, whilst the opposite enda I 
opened a little later. None of the above bits of meat, ' 
albumen, &c., exceeded a cube of -,l of an inch 
(2"54 mm.) in aize, and were sometimes smaller ; yet 
these small portions suSiced to keep the leaves closed 
for many days. Dr. Canby informs me that leaves 
remain shut for a longer time over insects than over 
meat ; and from what I have seen, I can well believe 
that this is the case, especially if the insects are 
large. 

In all the above cases, and in many others in which 
leaves remained closed for a long but unknown 
period over insects naturally caught, they were more 
or less torpid when they reopened. Generally they 
were so torpid during many succeeding days that no 
excitement of the fiiaments caused the least move- 
ment. In one instance, however, od the day after a 
leaf opened which had clasped a fly, it closed with ex- 
treme slowness when one of its filaments was touched ; 
and although no object was left enclosed, it was so 
torpid that it did not re-open for the second time 
until 44 hra. had elapsed. In a second case, a leaf 
which had expanded after remaining closed for at 
least nine days over a fly, when greatly irritated, 
moved one alone of its two lobes, and retained this 
imusual position for the next two days. A third case 
offers the strongest exception which I have observed ; 
a leaf, after remaining clasped for an unknown time 
over a fly, opened, and when one of its filaments wim. 
touched, closed, though rather slowly. 1 Dr. Canbvi 
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who observed in the United States a large number of 
plants which, although not in their native site, were 
probably more vigorous than my plants, informs 
me that ho has " several times known vigorous leaves 
to devour their prey several times ; but ordinarily 
twice, or, quite often, once was enough to render them 
unserviceable." Mrs. Treat, who cultivated many 
plants in New Jersey, also informs me that " several 
leaves caught successively three insects each, but most 
of them were not able to digest the third fly, but died 
in the attempt. Five leaves, however, digested each 
three flies, and closed over the fourth, but died soon 
after the fourth capture. Many leaves did not digest 
even one large insect." It thus appeara that the 
power of digestion ia somewhat limited, and it ia 
certain that leaves always remain clasped lor many 
days over an insect, and do not recover their power of 
closing again for many subsequent days."! In this 
respect Dionasa differs from Drosera, which catches 
and digests many insects after shorter intervals of 
time. 

We are now prepared to understand the use of the 
marginal spikes, which form so conspicuous a feature 
in the appearance of the plant (flg. 12, p. 287), and 
which at first seemed to me in my ignorance useless 
appendages. From the inward curvature of the lobea 
as they approach each other, the tips of the marginal 
spikes first intercross, and ultimately their bases. 
Until the edges of the lobes come into contact, elon- 
gated spaces between the spikes, varying from the -^4- 
to tha -iV of an inch (1-693 to 2-54 mm.) in breadth, 
according to the size of the leaf, are left open. Thus 
an insect, if its body is not thicker than these mea- 
surements, can easily escape between the crossed 
spikes, when disturbed by the closing lobes and in 
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creasing darkness ; and one of my sons actually saw a 
small insect thus escaping. A moderately large in- 
sect, on the other hand, if it tries to escape between 
the bars will surely be pushed back again into its 
horrid prison with closing walls, for the spikes eon- 
tinuo to cross more and more until the edges of the 
lobes come into contact. A very strong insect, how- 
ever, would be able to free itself, and Mrs. Treat saw 
this effected by a rose-chafer {Macrodactylus siilapp- 
nosus) in the United States. Now it would manifestly 
bo a great disadvantage to the plant to waste many 
days in remaining clasped over a minute insect, and 
several additional days or weeks in afterwards re- 
covering its sensibility ; inasmuch as a minute insect 
would afford but little nutriment. It wonld be 
far better for the plant to wait for a time until a 
moderately large insect was captured, and to allow all 
the little ones to escape ; and this advantage is 
secured by the slowly intercrossing marginal spikes, 
which act like the large meshes of a fishing-net, 
allowing the small and useless fry to escape. 

As I was anxious to know whether this view was 
correct — and as it seems a good illustration of how 
cautious we ought to be in assuming, as I had done 
with respect to the marginal spikes, that any fully 
developed structure is useless— I applied to Dr. Canby. 
He visited the native site of the plant, early in the 
season, before the leaves had grown to their full size, 
and sent me fourteen leaves, containing naturally 
captured insects. Four of these had caught rather 
small insects, viz. three of them ant«, and the fourth 
a rather small fly, but the other ten had all caught 
large insects, namely, five elaters, two chrysomelas, 
a curcniio, a thick and broad spider, and a scolo- 
pendra. Out of these ten infiects, no less than 
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were beetles," and ont of the whole fourteen there | 
was only one, viz. a dipterous insect, ■which could i 
ruadily take flight. Droaera, on the other baud, I 
lives chiefly on insects which are good flyers, especially 
Diptera, caught by the aiil of its viscid secretion. But 
what most concerns us is the size of the ten larger 
insects. Their average length from head to tail was 
■256 of an inch, the lobes of the loaves being on an 
average '53 of an inch in length, so that the inaects 
were very nearly half as long aa the leaves within 
which they were enclosed. Only a few of these leaves, 
therefore, had wasted their powers by capttu'ing small 
prey, though it is probable that many small iasects 
had crawled over them and been canght, but had 
then escaped through the bars. 

The Transmisston of the Motor Im'pulae, and Meara 
of Movement. — It is sufficient to touch any one of the 
sis filaments to cause both lobes to close, these becom- 
ing at the same time incurved throughout their whole 
breadth. The stimulus must therefore radiate in all 
directions from any one filament. It must also be 
transmitted with much rapidity across the leaf, for in 
all ordinary cases both lobes close simultaneously, 
as far as the eye can judge. Most physiologists be- 
lieve that in irritable plants the excitement is trans- 
mitted along, or in close connection with, the fibro- 
vasoular bundles. In Dionsea, the course of tb.ese 
vessels (composed of spiral and ordinary vascular 



OB elaters, fnr tlie five which I 
cxainmod vera in an extremelw 
frnpile imd empty condition, as if 
all their internal parts had Iwen 
mrtiftlly diRoatod. Mrs. Treat 
infonua me ihat tliQ pluntB which 
elie cultivated in New Jeraoj 
chicil^ caogbC DIptera. 



• Dr. Canby remarts (' Gar- 
dener's Monthly,' August I8d8), 
"as B geueraJ thing beetlea and 
taseota of that kind, though al- 
ways killed, seem to be too hard- 
shelled to serve as food, and after 
a short time are rejected." I am 
surprised at thia etatement, at 
iDaHt with respect to Bucli beetles 
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tisane) soems at first sight to favour this Mief; for 
tiiey run up the midrib in a great bundle, aending 
oft' small bundles almost at right angles on each side. 
These bifurcate occasionally as they extend towards 
the margin, and close to the margin small branches 
from adjoining vessels unite and enter the marginal 
spikes. At some of these points of union the vessels 
form curious loops, like those described under Drosera. 
A continuous zigzag line of vessels thus runs round 
the whole circumference of the leaf, and in the midrib 
all the vessels are in close contact ; »o that all parts of 
the leaf seem to be brought into some degree of com- 
municution. Nevertheless, the presence of vessels ia 
not necessary for the transmission of the motor 
impulse, for it is trimsmitted from the tips of the 
sensitive filaments (these being about the -^ of an 
inch in length), into which no vessels enter ; and 
these could not have been overlooked, as I made thin 
vertical sections of the leaf at the bases of the fila- 
ments. 

On several occasions, slits about the -fig of b,q inch , 
in length were made with a lancet, close to the bases 
of the filaments, parallel to the midrib, and, there- 
fore, directly across the course of the vessels. These 
were made sometimes on the inner and sometimes 
on the outer sides of the filaments ; and after several 
days, when the leaves had reopened, these filaments 
were touched roughly (for they were always rendered 
in some degree torpid by the operation), and the 
lobes then closed in the ordinary manner, though 
sliiwly, and sometimes not ujitil after a considerable 
interval of time. These cases show that the motor 
impulse is not transmitted along the vessels, and they 
further show that there is no necessity for a direct 
line of communication from the filament which is 
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touched towards the midi'ib and opposite lobe, or 1 
tovmrds the outer parts of the same lobe. 

Two slit3 near each other, both parallel to the mid- 
rib, were next made in the same manner as before, oqq 
on each side of the base of a filament, on five distinct 
k-avos, so that a little slip bearing a filament was con> 
nected with the rest of the leaf only at its two ends. 
These slips were nearly of the same size ; one was care- 
fully measured ; it was -12 of an inch (3'048 mm.) in 
length, and '08 of an inch (2'032 mm.) in breadth; 
and in the middle stood the filament. Only one of 
these slips withered and perished. After the leaf had 
recovered from the operation, though tho slits were- 
still open, the filaments thus circumstanced wera 
roughly toui^hcd, and both lobes, or one alone, slowly 
closed. In two instances touching the filament pro- 
duced no eflect ; but when the point of a needle was 
driven into the slip at the base of the filament, the 
lobes slowly closed. Now in these cases the impulse 
must have proceeded along the slip in a line parallel 
to the midrib, and then have radiated forth, either 
from both ends or from one end alone of the slip, over 
the whole surface of the two lobes. 

Again, two parallel slits, like the former ones, were 
made, one on each side of the base of a filament, at 
right angles to the midrib. After the leaves (two in 
number) had recovered, the filaments were roughly 
touched, and the lobes slowly closed; and here the 
impulse must have travelled for a short distance in a 
line at right angles to the midrib, and then have 
radiated forth on all sides over both lobes. These 
several cases prove that the motor impulse travels in i 
all directions thi'ougb the cellular tissue, independently- | 
of the course of the vessels. 

With Drosera we have seen that the motor imjiula*! 
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is transmitteci in like manner in all directions through 
the cellular tisBue ; bnt that its rate is largely governed 
by the length of the cells and the direction of their 
longer axes. Thin sections of a leaf of Dionrea were 
mad© by my son, and the cells, both those of the 
central and of the more superficial layers, were found 
much elongated, with their longer axes directed to- 
wards the midrib ; and it is in this direction that the 
motor impulse must be sent with great rapidity from 
one lobe to the other, as both close simultaneously. 
The central parenchymatous cells arc larger, more 
loosely attached together, and have more delicate walls 
than the more superficial cells. A thick mass of cel- 
lular tissae forms the upper surface of the midrib 
over the great central bundle of vessels. 

When the filaments were roughly touched, at the 
bases of which slits had been made, either on both 
sides or on one side, parallel to the midrib or at right 
angles to it, the two lobes, or only one, moved. In 
one of these cases, the lobe on the side which bore the 
filament that was touched moved, but in three other 
cases the opposite lobe alone moved ; so that an injury 
which was aufScient to prevent a lohe moving did not 
prevent the transmission &om it of a stimulus which 
excited the opposite lobe to move. We thus also 
learn that, although normally both lobes move to- 
gether, each has the power of independent movement. 
A ease, indeed, has already been given of a torpid 
leaf that had lately re-opened after catching an 
insect, of which one lobe alone moved when irritated. 
Moreover, one end of the same lobe can close and re- 
ex-pand, independently of the other end, as was seen 
in some of the foregoing experiments. 

When the lobes, which are rather thick, close, no trace 
of wrinkling can be seen on any part of their upper 
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surfaces. It appears therefore that the cf^Us mtiBt con* 
tract. The chief seat of the movement is evidf^ntly 
in the thick mass of cells which overlies the ceutral 
bundle of vessels in the midrib. To ascertain whether 
this part contracts, a leaf was fastened ori the stage of 
the microscope in such a manner that the two lobes 
could not become quite ahnt, and having made two 
minute black dots on the midrib, in a transverse line 
and a little towards one side, they were found by the 
micrometer to be -j-^-u of an inch apart. One of the 
filaments was then touched and the lobes closed ; but 
as they were prevented from meeting, I could still see 
the two dotS) which now were rfro of ^^ inch apart, 
so that a small portion of the upper surface of the 
midrib had contracted in a transverse line -r^ of an 
inch (-0508 mm.). 

We know that the lobes, whilst closing, become 
slightly incurved throughout their whole breadth. 
This movement appears to be due to the contraction 
of the superficial layers of cells over the whole upper 
aurface. In order to observe their contraction, a nar- 
row strip was cut out of one lobe at right angles to 
the midrib, so that the surface of the opposite lobe 
could be seen in this part when the leaf was shut. 
After the leaf had recovered from the operation and 
had re-expanded, three minute black dots were made 
on the surface opposite to the slit or window, in a line 
at right angles to the midrib. The distance between 
the dots was found to be -j-o^ of ^^ inch, so that the 
two extreme dots were xuw *^^ ^'^ ^^^ apart. One of 
the filaments was now touched and the leaf closed. 
On again measuring the distances between the dots, 
the two next to the midrib were nearer together by 
^ ^"^l of an inch, and the two further dots by -fwr of 
an inch, than they were before ; so that the two extrema 
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dots now stood about -i-r;ni of an inch ("127 mm.) 
nearer together than before. If we suppose the whole 
upper Burfacs of the lobe, which was -rriro ^^ sn inch 
in breadth, to have contracted in the same proportion, 
the total contraction will have amounted to about 
TWT or ^ of an inch (■635 mm.) ; but whether this 
la sufficient to account for the slight inward curvature 
of the whole lobe, I am nnable to say. 

Finally, with respect to the movement of the leaves, 
the wonderful discovery made by Dr. Enrdon Sander- 
son" is now universally known ; namely that there 
exists a normal electrical current in the blade and 
footstalt ; and that when the leaves are irritated, the 
current is disturbed in the same manner aa takes place 
during the contraction of the musL^le of an animal. 

The Re-exfansion of the Leaves. — This is effected at an 
insensibly alow rate, whether or not any object ia 
enclosed.t One lobe can re-expand by itself, as oc- 
curred with the torpid leaf of which one lobe alone had 
closed. We have also seen in the experiments with 
cheese and albumen that the two ends of the same lobe 
can re-expand to a certain extent independently of 
each other. But in all ordinary eases both lobes open 
at the same time. The re-expansion is not determined 
by the sensitive filaments ; all three filaments on one 
lobe were cut off close to their bases ; and the three 



■ 'Pioo. Hoyal Soo.' toL xii. 

E. 1K5 ; und lecture at the BotuI 
[istitutiDQ, Jane 5, 1874, given in 
'Nature,' :87i, pp. 1U5 and im. 

+ Nuttall, ill hia ' Gen. Amu- 
rican Flanta,' p. Til (note), euyd 
that, whilst ooIlcctiuG' this plant 
in ita native home, " I liad ncca- 
rion to observe that a deteicbed 
leaf wonld laaka rtpeated efforts 
lowaids disclDBiiig iistlf to the 



oF the BOn ; these at- 
tempts cflnalsted in an undula- 
tory motion of the nmrginal oilia, 
accompanied \>y a partial open- 
ing and Biio(K«diiig collapse of 
tlie lamioa, which at length tcr- 
uiinatod in a oomplute expauaino 
and in tho daetructian of Bensl' 
liility." I am indebted to Prof. 
OliverfortLiarefurmioe: bnt I dl 
not iindurHtand uhat took pliuv 
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leaves thus treated re-expanded, — one to a partial ex- 
tent in 24 lira., — a second to the same extent in 48 
lira,, — and the third, which had heen previonaly in- 
jured, not until the sixth day. These leaves alter 
their re-expansion closed quickly when the fllamcnts 
on the other lobe were irritated. These were then cut 
off one of the leaves, so that none were left. Thia 
mutilated leaf, notwithstanding the loss of all its fila- 
ments, re-expanded in two days in the usual manner. 
When the filaments have been excited by immersion 
in a solution of sugar, the lohes do not expand bo soon 
as when the iilaments have been merely touched ; and 
this, I presume, is due to their having been strongly 
affected through exosmose, so that they continue for 
some time to transmit a motor impulse to the upper 
surface of the leaf. 

The following facts make me believe that tho 
several layers of cells forming the lower surface of the 
leaf are always in a state of tension ; and that it ia 
owing to this mechanical state, aided probably by 
fresh fluid being attracted into the cells, that the lobes 
Segin to separate or expand as soon as the contraction 
of the upper surface diminishes. A leaf was cut off 
and suddenly plunged perpendicularly into boiling 
water : I expected that the lobes would have closed, 
but instead of doing so, they diverged a little. I then 
took another fine leaf, with the lobes standing at an 
angle of nearly 80° to each other ; and on immersing 
it as before, the angle suddenly increased to 90°. A 
third leaf was torpid from having recently re-expanded 
after having caught a fly, so that repeated touches o£ 
the filaments caused not the least movement; never- 
theless, when similarly immersed, the lobes separated a 
little. As these leaves were inserted perpendicularly 
into the boiling water, both surfaces and the filaments 
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iiiiist have been equally affected ; and I can under- 
stand the divergence of the lobes only by supposing 
that the cells on the lower side, owing to their state of 
tension, acted mechanically and thus suddenly drew 
the lobes a little apart, as soon as the cells on the 
upper surface were killed and lost their contractile 
power. We have seen that boiling water in like 
manner causes the tentacles of Drosera to curve back-, 
wards ; and this is an analogous movement to the ] 
divergence of the lobes of Diontea. 

In some concluding remarks in the fifteenth chapter I 
on the DroseraceiB, the different kinds of irritability 1 
possessed by the several genera, and the different 
manner in which they capture insects, will be com- 
pared. 
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Aldbovamia 

Ciiptilrea crusloneans ^ Stmclure of tlie loavos in oompariBon with 
tliose of DionajB — 'Absorption by the gliuids, by the quodrifid pro- ' 
ocssoa, and points on tliti iafoldod mttrginfl — AldTOTaiida jieiiaiJoM, ' 
Tiir. aiulraliB — Captutea prey — Absorption of animal matter — 
Aliirovanda vetievUma, Tax. ceTlicillata — Concluding remarks. 

This plant may be called a miniature aquatic Dioniea. 
Stein discovered in 1873 that the biiobed leaves, ' 
wMch are generally found closed in Europe, open | 
under a Bufficiently high temperature, and, when ' 
touched, suddenly cloae." Tliey re-expand in from 
24 to 36 hrs., but only, aa it appears, when inor* 
ganic objects are enclosed. The leaves sometimea 
contain bubbles of air, and were formerly supposed to 
be bladders ; hence the specific name of vesiculosa. 
Stein observed that water-insects were sometimes 
caught, and Prof. Cohn has recently found within the 
leaves of naturally growing plants many kinds of 
crustaceans and larvee-t Plants which had been kept 
in filtered water were placed by him in a vessel con- 



* Since Ilia original publication, 
Btein haa found out that the irri- 
tability of the leaves was observed 
by De Sasaus, aa recorded in 
' Bull Bat. SiKi. de France,' in 
I86I. DelpiuD states in a paper 
published in 1871 ('Nuoyo fitoi- 
nale Cot. rtal.' vol. iii. p. 174) 
tliat " una quantitii di chiooeio- 
lino e di alCri animalcoli aoqno- 
tici" ore caagbt and suffocateil 
by the leaves. I prusume that 



ehioccioline are fresh-water mol- 
luHCS. It would bo interestiog to 
know whether their Bliells are at 
all corroded by the acid of tha 
digestive secret ion. 

t I am greatly indebted to this 
dintingu ished naturaliBt for ha ving 
Bent roe a copy of his roiBuoir on 
Aldrovsnda, before its pablico- 
tion in inn ' Beitngo zur Biologia 
der Pdanzen,' drittea Heft, 1ST& ' 
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taiiiing numerous crustaceans of the genua Cypris, a 
next morning many were found impiisoned and alive^ 
still swimming about within the closed leaves, 
doomed to certain death. 

Directly after reading Prof. Cohn's memoir, I re- ' 
ceived through the kindness of Dr. Hooker living 
plants fi:om Germany. As I can add nothing to Prof. 
Cohn's excellent description, I will give only two 
illustrations, one of a whorl of leaves copied firom his 
work, and the other of a leaf pressed flat open, drawn 
by my son Francis. I will, however, append a few 
remarks on the differences between this plant and 



Aldrovanda is destitute of roots and floats freely in 
the water. The leaves are arranged in whorls roimd 
the stem, 'Their broad petioles terminate in from four 
to ail rigid projections,* each tipped with a stiff, 
short bristle. The bilobed leaf, with the midrib like- 
wise tipped with a bristle, stands in the midst of 
these projections, and is evidently defended by them. 
The lobes are formed of very delicate tissue, so as to 
be translucent ; they open, according to Cohn, about 
as much as the two valves of a living mussel-shell, 
therefore even less thau the lobes of Diona^ ; and 
this must make the capture of aquatic animals more 
easy. The outside of the leaves and the petioles are 
covered with miuute two-armed papillfe, evidently 
answering to the eight-rayed papillas of Dioniea. 

Each lobe rather exceeds a semi-circle in convexity, 
and consists of two very different concentric portions ; 
the inner and lesser portion, or that next to the midrib, 



* Thora boa Ix^eo much discus- 18G1, p. 14G) bclicTaii that the; 

Bion b; botunieta on thti bomolo^- carreepond with the flmbciated 

[vil niitUFU of these piojectiona ecalu-lUia bodids Touiul at tha 

Dr. MitAL'hke ('Bot. Zeituag, iiiuea of the putiolea of llioson. 
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is slightly concave, and is formed, according to Cohn, 
of tliree layers of cells. Its upper surface is atndded 
with colourless glands like, but more simple tlmii, 
those of DioMDa ; they are supported on distinct 
footstalks, consisting of two rows of cells. The outer 




ami broader portion of the lobe is flat and very I 
thin, being formed of only two layers of cells. Its i 
upper surface does not bear any glands, but, in their 
place, small quadriiid processes, each eonsisting of 
four tapering projeetiona, whifh rise from a commcn 
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promiueiiee. Tliese processes are formed of very 
delicate membrane liaod with a layer of protoplasm; 
and they aometimea contain aggregated globidea of 
hyaline matter. Two of the slightly diverging arms 
are directed towards the circumference, and two 
towards the midrib, forming together a sort of Greek 
cross. Occasionally two of the arms are replaced by 
one, and then the projection is trifid. We shall see in 
a future chapter that these projections curiously re- 
semble those found within the bladders of Utricnlaria, 
more especially of TJtricularia montana, although this 
genus is not related to Aldroyanda. 

A narrow rim of the broad flat exterior part of each 
lobe is turned inwards, so that, when the lobes are 
closed, the exterior surfaces of the in-folded portions 
come into contact. The edge itself bears a row of 
conical, flattened, transparent points with broad bases, 
like the prickles ou the stem of a bramble or Eubua. 
As the rim is infolded, these points are directed 
towards the midrib, and they appear at first as if they 
were adapted to prevent the escape of prey ; but this 
can hardly be their chief function, for they are com- 
posed of very delicate and highly flexible membrane, 
which can be easily bent or quite doubled back with- 
out being cracked. Nevertheless, the infolded rims, 
together with the points, must somewhat interfere 
with the retrograde movement of any small creature, 
as soon as the lobes begin to close. The circum- 
ferential part of the leaf of Aldrovanda thus difl'erB 
greatly from that of Dionica ; nor can the points on 
the rim be considered as homologous with the spikes 
round the leaves of Diontea, as these latter are pro- 
longations of the blade, and not more epidermio 
productions. They appear also to serve for a widely 
ilifforent purpose. 
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On the concave gland-bearing portion of tlie lobes, 
and especially on the midrib, tlieie are numerous, 
long, finely pointed hairs, which, as Prof. Cohn re- 
marks, there can be little doubt are sensitive to a 
touch, and, when touched, cnuse the leaf to close. 
They are formed of two rows of cells, or, according to 
Cobn, sometimes of four, and do not include any yas- 
eular tissue. They differ also from the six sensitive 
filaments of Dionsea in being colourless, and in having 
a medial aa well as a basal articulation. No doubt it 
is owing to these two articulations that, notwithstand- 
ing their length, they escape being broken when the 
lobea close. 

The plants which I received during the early part 
of October from Kew never opened their leaves, 
though subjected to a high temperature. After ex- 
amining the structure of some of them, I experimented 
on only two, as I hoped that the plants would grow ; 
and I now regret that I did not sacrifice a greater 
munber. 

A leaf was cut open along the midrib, and the 
glands examined under a high power. It was then 
placed in a few drops of an infusion of raw meat. 
After 3 brs. 20 m. there was no change, but when 
next examined after 23 hrs. 20 m., the outer cells of 
the glands contained, instead of limpid fluid, spherical 
masses of a granular substance, showing that matter 
had been absorbed from the infusion. That these 
glands secrete a fluid which dissolves or digests animal 
matter out of the bodies of the creatures which tho 
leaves capture, is also highly probable from the 
analogy of Diontca. If we may trust to the same 
analogy, the concave and inner portions of the two 
lobes probably close together by a slow movement, as 
Boon as the glands have absorbed a slight amount of 
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already soluble animal mattsr. The included water , 
would tliua be pressed out, and the secretion conse- 
quontly not be too much diluted to act. With respect 
to the qiiadrifld processes on the outer parts of the 
lobes, I was not able to decide whether they had been 
acted on by the infusion ; for the lining of proto- 
plasm was somewhat shrunk before they were im- 
mersed. Many of the points on the infolded rims 
also had their lining of protoplasm similarly shrunk, 
and contained spherical granules of hyaline matter. 

A solution of urea was next employed. This sub- ' 
stance was chosen partly because it is absorbed by the 
quadrifld processes and more especially by the glands | 
of Utricularia — a plant which, as we shall hereafter see, ] 
feeds on decayed animal matter. As urea is one of the 1 
last products of the chemical changes going on in the I 
living body, it seems fitted to represent the early stages 1 
of the decay of the dead body. I was also led to try I 
urea from a curious little fact mentioned by Pro£ J 
Cohn, namely that when rather lai'ge crustaceans are I 
caught between the closing lobes, they are pressed so 1 
hard whilst making their escape that they often void 
their sausage-shaped masses of excrement, which w 
found within most of the leaves. These masses, no I 
doubt, contain urea. They would be left either on 
the broad outer surfaces of the lobes where the quad- 
rifids are situated, or within the closed concavity. In 
the latter case, water charged with excrementitious 
and decaying matter would be slowly forced outwards, 
and would bathe the quadrifids, if I am right in 
believing that the concave lobes contract after a time 
like those of Dionfea. Foul water would also be apt 
to ooze out at all times, especially when bubbles of air 
were generated within the concavity. 

A leaf was cut open and examined, and tlie outer ■ 
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cells of the glands were found to contain only limpid 
flaid. Some of the quadriflda included a few spherical 
granules, but sevend were transparent and empty, and 
their positions were marked. This leaf was now im- 
mersed in a little solution of one part of urea to 146 
of water, or three grains to the ounce. After 3 hrs. 
40 m. there was no chauge either in the glands or 
quadriflda ; nor was there any certain change in the 
glands after 24 hrs. ; so that, as far as one trial goes, 
urea does not act on them in the same manner as 
an infusion of raw meat. It was different with the 
quadi-ifids ; for the lining of protoplasm, instead of 
presenting a uniform texture, was now slightly shrunk, 
and exhibited in many places minute, thickened, irre- 
gular, yellowish specks and ridges, exactly like those 
which appear within the quadrifids of Utricularia 
when treated with this same solution. Moreover, several 
of the quadrifids, which were before empty, now con- 
tained moderately sized or very small, more or less 
aggregated, globules of yellowish matter, as likewise 
occurs under the same circumstances with Utricularia. 
Some of the points on the infolded margins of the 
lobes were similarly affected ; for their lining of proto- 
plasm was a little shrunk and included yellowish 
specks ; and those which were before empty now con- 
tained small spheres and irregular masses of hyaline 
matter, more or less aggregated ; so that both the 
points on the margins and the quadrifids had absorbed 
matter from the solution in the course of 24.hrs. ; but 
to this subject I shall recur. In another rather old 
leaf, to which nothing had been given, but wiiich had 
been kept in foul water, some of the quadrifids con- 
tained aggregated translucent globules. These were 
not acted on by a solution of one part of carbonate 
J 218 of water ; and this negative result 
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agrees with what I have observed under similar c 
stances with Utricularia. 
- Aldrovanda vesiculosa, var. australis. — Dried leaves Q 
thia plant &om Queensland in Australia were seir( 
me by Prof. Oliver from the herbaiium at 
Whether it ought to be considered as a distinct speciel 
or a variety, cannot be told until the flowers are ex-* 
amined by a botanist. The projections at the upper 
end of the petiole (from four to sis in number) are 
considerably longer relatively to the blade, and much 
more attenuated than those of the European form. 
They are thickly covered for a considerable space 
near their extremities with the upcurved prickles, 
which are quite absent in the latter form ; and they 
■generally bear on their tips two or three straight 
priekles instead of one. The bilobed leaf appears 
also to be rather larger and somewhat broader, witl 
the pedicel by which it is attached to the upper e 
of the petiole a little longer. The points on tliel 
infolded margins likewise differ ; they have narrower 
bases, and are more pointed; lorig and short points 
also alternate with much more regularity than in the 
European foi-m. The glands and sensitive hairs a 
similar in the two forms. No quadrifid process 
could be seen on several of the leaves, but I do i 
doubt that they were present, though indistinguish- 
able from their delicacy and from having shrivelled ; 
for they were quite distinct on one leaf under circum- 
stances presently t« be mentioned. 

Some of the closed leaves contained no prey, but i 
one there was a rather large beetle, which irom itsl 
. flattened tibite I suppose was an aquatic species, but 
was not allied to Colymbetes. All the softer tissues 
of this beetle were completely dissolved, and its chiti- 
nous integuments were as clean as if they had been 
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boiled in caustic potash; so that it must bave been 
enclosed for a considerable time. The glands were 
browner and more opaque than those on other leaves 
which had caught nothing ; and the quadrifid pro- 
cesses, from being partly filled with brown -granular 
'■ontter, could be plainly distinguished, which was not 
tlie case, as already stated, on the other leaves. Some 
of the points on the infolded margins likewise con- 
tained brownish granular matter. We thus gain 
additional evidence that the glands, the quadrifid pro- 
cesses, and the marginal points, all have the power of 
absorbing matter, though probably of a different 
nature. 

Within another leaf disintegrated remnants of a 
rather small animal, not a crustacean, which had 
simple, strong, opaque mandibles, and a large unarti- 
culated chitinous coat, were present. Lumps of black 
organic matter, possibly of a vegetable nature, were 
enclosed in two other leaves; hut in one of these 
there was also a small worm much decayed. But the 
nature of partially digested and decayed bodies, which 
have been pressed flat, long dried, and then soaked in 
water, cannot he recognised easily. All the leaves 
contained unicellular and other Alga>, still of a green- 
ish colour, which had evidently lived as intruders, in 
the same manner as occurs, according to Cohn, within 
the leaves of this plant in Germany. 

Aldrovanda vesiculosa, var. verticiUata. — Dr. King, 
Superintendent of the "Botanic Gardens, kindly sent 
me dried specimens collected near Calcutta. This 
form was, I believe, considered by Wallich as a distinct 
species, under the name of vertioQlata. It resembles 
the Australian form much more nearly than the Euro- 
pean; namely in the projections at the upper end of 
the petiole being much attenuated and covered with 
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iipeiirved pricfelea ; they terminate also in two si 
little prickles. The bilobed leaves are, I believe, 
larger and certainly broader even than those of the 
Australian form ; so that the greater convesity of 
their margins was conspicuous. The length of an open 
leaf being taken at lUO, the breadth of the Bengal 
form ia nearly 173, of the Australian form 147, and 
of the German 134. The points on the 
margins are like those in the Australian form. Of the 
few leaves which were examined, three contained-] 
entomostracan crustaceans. 

Concluding Bemarka. — The leaves of the three foi 
going closely allied species or varieties are manifest!; 
adapted for catching living creatures. With respect 
to the functions of the several parts, there can be little 
doubt that the long jointed hairs aie sensitive, like 
those of Biontea, and that, when touched, they cause 
the lobes to close. That the glands secrete a trae 
digestive fluid and afterwards absorb the digested 
matter, is highly probable from the analogy of Dio- 
nrea, — from the limpid fluid within their cells being 
aggregated into spherical masses, after they had 
absorbed an infusion of raw meat, — from their opaque 
and granular condition in the leaf, which had enclosed 
a beetle for a long time, — and from the clean con- 
dition of the integuments of this insect, as well 
of crustaceans (aa described by Cohn), which have 
been long captured. Again, from the effect produced 
on the quadrifid processes by an immersion for 24 hi 
in a solution of urea, — from the presence of broi 
granular matter within the quadrifids of the leaf 
which the beetle had been caught, — and from the 
analogy of Utricularia, — it is probable that these pro- 
■b excrementitious and decaying animal 
matter. It ia a more curious fact that the points 
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the infolded margins apparently serve to absorb de- 
cayed animal matter in the same manner as the quad- 
rifida. We can thus understand the meaning of the 
infolded margins of the lobes furnished with delicate 
points directed inwards, and of the broad, flat, outer 
portions, bearing quadrifid processes ; for these sur- 
faces must be liable to be irrigated by foul water 
flowing from the concavity of the leaf when it con- 
tains dead animals. This would follow from vorioua 
causes, — from the gi-adiial contraction of the concavity, 
— from fluid in excess being secreted,— and from the 
generation of bubbles of air. More observations are 
requisite on this head ; but if this view is correct, we 
have the remarkable case of different parts of the 
same leaf serving for very different purposes — one 
part for true digestion, and another for the absorption 
of decayed animal matter. We can thus also under- 
etand how, by the gradual loss of either power, a plant 
might be gradually adapted for the one function to 
the exclusion of the other ; and it will hereafter be 
shown that two genera, namely Pinguicula and Utri- 
cularia, belonging to the same family, have been 
adapted for these two different functions. 
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DroBophyllam — Ptrnctnre of leavea — Nature of the si 

ner nf catching iDaects^Pnwer of abaorptian — Digestion of auimal 
BuijstaDoea — Summary tm IhosophjUum — EoriJula — Bjblis — 
Glandolar baiie of other plants, their power of abBorption — Suiii- 
fra^ — Primula — Pelargonium — Erica — Mintbilis — Nicotiana 
— Sununary on glandular haira — Concluding remarks on the Dro- 



Drosophyllum lusitanicum. — This rare plant has , 
been found only in Portugal, and, as I hear from 
Dr. Hooker, in Morocco. I obtained living specimena 
througli tiie great kindness of Mr. W. C. Tait, and 
afterwai-ds from Mr. G. Maw and Dr. Moore. Mr. Tait 
informs me that it grows plentifully on the sides of 
dry hills near Oporto, and that Tast numbers of flies 
adhere to the leaves. This latter fact is well known 
to the villagers, who call the plant the " fly-catcher," 
and hang it up in their cottages for this purpose. A 
plant in my hot-house caught so many insects during 
the early part of April, although the weather was 
cold and insects Bcatce, that it must have been in 
some manner strongly attractive to them. On four 
leaves of a young and small plant, 8, 10, 14, and 
16 minute insects, chiefly Diptera, were found in the 
autumn adhering to them. I neglected to examine 
the roots, but 1 hear from Dr. Hooker that they fire 
very small, as in the case of the previously men- 
tioned members of the same family of the Droseraceffl. 
The leaves arise from an almost woody axis ; thev 
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Are linear, much atteniiated towards tlieir tips, and 
several inches in length. The upper surface is con- 
cave, the lower convex, with a naiTow channel down 
tho middle. Both surfaces, with the exception of the 
channel, are covered with glands, supported on pedicels 
and arranged in in^egular longitudinal rows. These 
organs I shall call tentacles, liom their close resem- 
hlance to those of Drosera, though they have no power 
of movement. Those on the same leaf differ much in 
length. The glands also differ in size, and are of a 
bright pink or of a purple colour; their ujtper sur- 
faces are convex, and the lower flat or even concave, 
so that they resemble miniature mushrooms in appear- 
ance. They are formed of two (as I believe) layers 
of delicate angular cells, enclosing eight or ten larger 
cells with thicker, zigzag walls. Within these larger 
cells there are others marked by spiral lines, and 
apparently connected with the spiral 
vessels which run up the green multi- 
cellular pedicels. The glands secrete 
large drops of viscid secretion. Other 
glands, having the same general 
appearance, are found on the flower- 
peduncles and calyx. 

Besides the glands which are borne 
on longer or shorter pedicels, there 
are numerous ones, both on the upper 
and lower surfaces of the leaves, so 
email as to be scarcely visible to the 
naked eye. They are colourless and 
almost sessile, either circular or oval 
in outline ; the latter occurring chiefly 
on the backs of the leaves (fig. 14). 
Internally they have exactly the same structure as 
the larger glands which are supported on jwdjcels; 
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anii indeed the two sets almost graduate into one 
another. But the sessile glanda differ in one im- 
portant respect, for they never secrete spontaneously, 
as far aa I have aeon, though I have examined 
them under a high power on a hot day, whilst 
the gianda on pedicels were secreting copiously. 
Nevertheless, if little bits of damp albumen or fibrin 
are placed on these sessile glands, they begin after a 
time to secrete, in the same manner as do the glancb 
of Dioniea when similarly treated. When they were 
merely rubbed with a bit of raw meat, I believe that 
they likewise secreted. Both the sessile glands and 
the taller ones on pedicels have the power of rapidly 
absorbing nitrogenous matter. 

The secretion from the taller glands differs in a. 
remarkable manner from that of Drosera, in being acid 
before the glands have been in any way excited ; and 
judging from the changed colour of litmus paper, more. 
strongly acid than that of Drosera. This fact 
observed repeatedly ; on one occasion I chose a young 
leaf, which was not secreting freely, and had never 
caught an insect, yet the secretion on all the gianda 
coloured litmus paper of a bright reil. Prom the 
quickness with which the glands are able to obtai]i>j 
animal matter from such subshinces as well-washed 
fibrin and cartilage, I suspect that a small quantity of 
the proper ferment must be present in the secretion 
before the glands are excited, so that a little animal 
matter is quickly dissolTed. , 

Owing to the nature of the secretion or to the shaj 
of the glands, the drops are removed from them v 
singular facility. It is even somewhat difficult, 
the aid of a finely pointed polished needle, slightly 
damped with water, to place a minute particle of any- 
kind on one of the drops ; for on withdrawing tbft 
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needle, the drop is generally withdrawn ; whereas with 
Droaera there is no such difficulty, though the drops 
are occasionally withdrawn. From this peculiarity, 
when a small insect alights on a leaf of Drosophylhmi, 
the drops adhere to its wings, feet, or body, and are 
drawn from the gland ; the insect then crawls onward 
and other drops adhere to it; so that at last, Lathed 
by the viscid secretioa, it sinks down and dies, resting 
on the small sessile glands with which the surface of 
the leaf is thickly covered. In the case of Drosera, 
an insect sticking to one or more of the exterior 
glands ia carried by their movement to the centre of 
the leaf; with Drosophyllum, this is effected by the 
crawling of the insect, as from its wings being clogged 
by the secretion it cannot fly away. 

There is another difference in function between the 
glands of these two plants : we know that the glands 
of Drosera seciete more copiously when properly 
excited. But when minute particles of carbonate of 
ammonia, drops of a solution of this salt or of the 
nitrate of ammonia, saliva, small insects, bits of raw 
or roast meat, albumen, fibrin or cartilage, as well as 
inorganic particles, were placed on the glands of Dro- 
Bophyllum, the amount of secretion never appeared to 
be in the least increased. As insects do not commonly 
adhere to the taller glands, tut withdraw the secretion, 
we can see that there would be little use in their 
having acquired the habit of secreting copiously when 
stimulated ; whereas with Drosera this is of use, and 
the habit has been acquired. Nevertheless, the glands 
of Drosophyllum, without being stimulated, continu- 
ally secrete, so as to replace the loss by evaporation. 
Thus when a plant was placed under a small bell- 
glass with its inner surface and support thoroughly 
wetted, there was no loss by evaporation, and so mncb 
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secretion was ftccmniilated in the conrse of a day thai^l 
it ran down the tentacles and corered large spaces otM 
the leaves. 

The glands to which the above named nitrogenoos 1 
snbstancea and liquids were given did not, as just 
stated, secrete more copiously ; on the contrary, tJiey 
absorbed their own drops of secretion with surprising 
quickness. Bits of damp fibrin were placed on f 
glands, and when they were looked at after an interval 1 
of 1 hr. 12 m., the fibrin was almost diy, the secre- " 
tion having been all absorbed. So it was with three 
cubes of albumen after 1 hr, 19 m.,and with four other 
cubes, though these latter were not looked at until 
2 hrs. 15 m. had elapsed. The same result foUowed 
in between 1 br, 15 m. and 1 hr. 30 m. when particlea 
both of cartilage and meat were placed on several 
glands. Lastly, a minute drop (about -^V of a minim) 
of a solution of one part of nitrate of ammonia to 
146 of water was distributed between the secretion 
surrounding three glands, so that the amount of fluid 
surrounding each was slightly increased ; yet when 
looked at after 2 hrs., all three were dry. On the 
other hand, seven particles of glass and three of coal- 
cinders, of nearly the same size as those of the above 
named organic substances, were placed on ten glands ; 
some of them being observed for 18 hrs., and others 
for two or three daya ; but there was not the lefist 
sign of the secretion being absorbed. Hence, in the 
former cases, the absorption of the secretion must 
have been due to the presence of some nitrogenoua 
matter, which was either already soluble or was ren- 
dered so by the secretion. As the fibrin was pure, 
and had been well washed in distilled water after 
being kept -n glycerine, and as the cartilage had been 
soaked in water, I suspect that these substances must 
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have been slightly acted on and rendered soluble ' 
wittin the above stated short periods. 

The glands have not only the power of rapid absorp- 
tion, but likewise of secreting again quickly ; and this 
latter hahit has perhaps been gained, inasmuch as 
insects, if they touch the glands, generally withdraw the 
drops of secretion, which have to be restored. The exact 
period of re-secretion was recorded in only a few cases. 
The glands on which bits of meat were placed, and which 
were nearly dry after about 1 hr. 30 m., when looked 
at after 22 additional hours, were found secreting; so 
it was after 24 hrs. with one gland on which a bit 
of albumen had been placed. The three glands to 
which a joinute drop of a solution of nitrate of 
ammonia was distributed, and which became dry after 
2 hrs., were beginning to re-secrete after only 12 addi- 
tional hours. 

Tentacles Incapable of Movement. — Many of the tall 
tentacles, with insects adhering to them, were care- 
fully observed ; and jjagmenta of insects, bits of raw 
meat, albumen, &c., drops of a solution of two salts 
of ammonia and of saliva, were placed on the glands 
of many tentacles ; but not a trace of movement could 
ever be detected. I also repeatedly irritated the 
glands with a needle, and scratched and pricked the 
blades, bul neither the blade nor the tentacles became 
at all inflected. We may therefore conclude that 
they are incapable of movement. 

On the Power of Ahsorpfion possessed 6y iJie Glands. — 
It has already been indirectly shown that the glands 
on pedicels absorb animal matter ; and this is further 
shown by their changed colour, and by the aggregation 
of their contents, after they have been left in contact 
with nitrogenous substances or liquids. The following 
observations apply both to the glands supported on 



pedicels and to the minnte sessile oiica. Before a ' 
gknrl haa bc-en in any way stimulated, the exterior cells 
ciinimonly contain unly limpid purple fluid ; the more 
<!i?iitfiil ones including mulLerry-liiie masses of purple 
granuliir matter. A leaf was placed in a little solution 
of one part of carbonate of ammonia to 146 of water (S 
gra. to 1 oz.), and the glands were instantly darkened , 
and very soon became black ; this change being due] 
to the strongly marked aggregation of their contents, 1 
more eapecially of the inner cells. Another leaf i 
placed in a solution of the same strength of nitrate a£l 
ammonia, and the glands were slightly darkened inl 
25 m., more so in 50 m., and after 1 hr, 30 m. were oil 
so dark a red as to appear almost black. Other leaveBJ 
were placed in a weak infusion of raw meat and in J 
human saliva, and the glands were much darkened in 1 
25 m., and after 40 m. were so dark as almost to 
deserve to be called black. Even immersion for a i 
whole day in distilled water occasionally induces soma ' 
aggregation within the glands, so that they become of 
a darker tint. In all these eases the glands are 
affected in exactly the same manner as those of 
Drosera. Milk, however, which acts so energetically 
on Drosera, seems rather less efl'ective on Droso- 
pbyllum, for the glands were only slightly darkened 
by an immersion of 1 hr. 20 m., but became decidedly 
darker after 3 hrs. Leaves which had been left for 
7 hrs. in an infusit.n of raw meat or in saliva were 
placed in the solution of carbonate of ammonia, and 
the glands now became greenish ; whereas, if they 
had been first placed in the carbonate, they would 
have become black. In this latter case, the ammonia 
probably combines with the acid of the secretion, 
and therefore does not act on the colouring matter ; 
but when the inlands are first subjected to an organic 
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fluid, either the acid is consumed in the work of di- 
gestion or the cell-walls are rendered more permeahle, 
HO that the undecomposed carbonate enters and acts 
on the colouring matter. If a particle of the dry- 
carbonate is placed on a gland, the purple colour is 
quickly discharged, owing probably to an excess of the 
salt. The gland, moreover, is killed. 

Turning now to the action of organic substances, 
the glands on which bits of raw meat were placed 
became dark-coloured ; and in 18 hrs. their con- 
tents were conspicuously aggregated. Several glands 
with bits of albumen and fibrin were darkened in 
between 2 hrs. and 3 hrs,; but in one case the 
purple colour was completely discharged. Some 
glands which had caught flics were compared with 
others close by ; and though they did not differ much 
in colour, there was a marked difference in their state 
of aggregation. In some few instances, however, there 
was no such difference, and this appeared to be due 
to the insects having been caaght long ago, so that 
the glands had recovered their pristine state. In one 
case, a group of the sessile colourless glands, to which 
a small fly adhered, presented a peculiar appearance ; 
for they had become purple, owing to purple granular 
matter coating the cell-walls. I may here mention 
as a caution that, soon after some of my plants arrived 
in the spring from Portugal, the glands were not 
plaiiJy acted on by bits of meat, or insects, or a 
solution of ammonia — a circumstance for which I 
cannot account. 

Bigeslion of Solid Animnl Matter. — Whilst I was 
trying to place on two of the taller glands little cubes 
of albumen, these slipped down, and, besmeared with 
secretion, were left resting on some of the small sessile 
glands. After 24 hrs. one of these cubes was found 
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completely liquefied, but with a few white streaks ] 
still visible ; the other was much rounded, but not \ 
quite dissolved. Two other cubes were left on tall 
glands for 2 his. 45 m., by which time all the secre- 
tion was absorbed ; bnt they were not perceptibly 
acted on, though no doubt some slight amount of 
animal matter had been absorbed from them. They 
were then placed on the small sessile glands, which 
being thus Btimulated secreted copiously in the 
course of 7 hrs. One of these cubes was much 
liquefied within this short time ; and both were com- 
pletely liquefied after 21 hrs, 15 m. ; the little liquid 
masses, however, still showing some white streaks. 
These streaks disappeared after an additional period 
of 6 hrs. 30 m. ; and by next morning (i, e, 48 hrs. 
from the time when the cubes were first placed on 
the glands) the liquefied matter was wholly absorbed. 
A cube of albumen was left on another tall gland, 
which first absorbed the secretion and after 24 hrs. 
poured forth a fresh supply. This cube, now sar- 
rounded by secretion, was left on the gland for an 
additional 24 hrs., but was very little, if at all, acted 
om We may, therefore, conclude, either that the 
secretion from the tall glands has littlo power of diges- 
tion, though strongly acid, or that the amount poured 
forth from a single gland is insufficient to dissolve a 
particle of albumen which within the same time would 
have been dissolved by the secretion from several of the 
small sessile glands. Owing t^ the death of my last 
plant, I was unable to ascertain which of these alter- 
natives is the true one. 

Four minute shretis of pure fibrin were placed, 
each resting on one, two, or three of the taller glands. 
In the course of 2 hrs. 30 m. the secretion was all 
absorbed, and the shreda were left almost dry. Thej 
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were then pushed on to the sessile glands. One shred, 
after 2 bra. 30 m., seemed quite dissolved, but this may 
have been a mistake. A second, when examined alter 
17 hrs. 25 m., was liquefied, but the liquid as seen 
under the microscope still contained floating granulea 
of fibrin. The other two shreds were completely 
liquefied after 21 hrs. 30 m. ; but in one of the drops 
a very few granules could stUl be detected. These, 
however, were dissolved after an additional interval 
of 6 hrs. 30 m. ; and the surface of the leaf for some 
distance all round was covered with limpid fluid, It 
thus appears that Drosophyllum digests albumen 
and fibrin rather more quickly than Drosera can; 
anil this may perhaps be attributed to the acid, 
together probably with some small amount of the 
ferment, being present in the secretion, before the 
glands have been stimulated ; so that digestion begins 
at once. 

Concluding Remarhs. — The linear leaves of Droso- 
phyllum differ but slightly from those of certain 
species of Drosera ; the chief differences being, firstly, 
the presence of minute, almost sessile, glands, which, 
like those of Dionroa, do not secrete until they are 
escited by the absorption of nitrogenous matter. But 
glands of this kind are present on the leaves of 
Drosera hinata, and appear to be represented by the 
papillffi on the leaves of Drosera rotundifoUa. Secondly, 
the presence of tentacles on the backs of the leaves ; 
but we have seen that a few tentacles, irregularly placed 
and tending towards abortion, are retained on the 
biicks of the leaves of Drosera hinafa. There are 
greater difterences in function between the two ge- 
nera. The most important one is that the tentacles 
of Drosophyllum have no power of movement; this 
•OSS being partially replaced by the drops of -^-iscid 
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secretion being readily withdrawn from the glands ; so J 
that, when an insect comes into contact with a, drop, J 
it is able to crawl away, hut soon touches other drops, I 
and then, smothered by the secretion, ainka down on I 
the sessile glands and dies. Another difference is, I 
that the secretion from the tall glands, before they I 
have been in any way excited, is strongly aeid, and I 
perhaps containa a small quantity of the proper f 
ferment. Again, these glands do not secrete more I 
copiously from being excited by the absorption of I 
nitrogenous matter ; on the contrary, they then absorb I 
their own secretion with extraordinary quickness. In I 
& short time they begin to secrete again. All thet 
circumstances are probably connected with the feet 
that insects do not commonly adhere to the glands 
with which they first come into contact, though this 
does sometimes occur ; and that it is chiefly the se- , 
cretion from the sessile glands which dissolves animal 
matter out of their bodies. 



KoitlDULA. 

Boridula dentata.—lhh plant, a native of the western 
parts of the Cape of Good Hope, was sent to me in a, 
dried state from Kew. It has an ahnost woody stem 
and branches, and apparently grows to a height of 
some feet. The leaves are linear, with their summits 
much attenuated. Their upper and lower surfaces 
are concave, with a ridge in the middle, and both are 
covered with tentacles, which differ greatly in length ; 
some being very long, especially those on the tips 
of the leaves, and some very short. The glands also" 
differ much in size and are somewhat elongated. 
They are supported on multicellular pedicels. 

Tliis plant, therefore, agrees in several respects with 
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Drosophylliim, but differs in the following points. I , 
could detect no sessile glands ; nor would these liave j 
been of any use, as the upper surface of the leaves 18 
thickly clothed with pointed, unicellular hairs directed 
upwards. The pedicels of the teutacles do not ineiuda 
spiral vessels ; nor are there any spiral cells within the 
glands. The leaves often arise in tufts and are pin- 
natifld, the divisions projecting at right angles to the 
main linear blade. These lateral divisions are often 
very short and bear only a single terminal tentacle, 
with one or two short ones on the aides. No distinct 
line of demarcation can be drawn between the pedi- 
cels of tlie long terminal tentacles and the much 
attenuated summits of the leaves. AVe may, indeed, 
arbitrarily fix on the point to which the spiral vessels 
proceeding from the blade extend ; but there is no 
other distinction. 

It was evident from the many particles of dirt stick- I 
ing to the glands that they secrete much viscid matter. 
A large number of lEisects of many kinds also adhered 
to the leaves. I could nowhere discover any signa 
of the tentacles having been inflected over the cap- 
tured insects ; and this probably would have been seen 
even in the dried specimens, had they possessed the 
power of movement. Hence, in this negative cha- 
racter, Roridula resembles its northern representative, 
Drosophyllum. 

Eyblis. 
Byhlis giganiea (Western Austmlia), — A dried 
specimen, about 18 inches in height, with a strong 
stem, was sent me from Kew, The leaves are 
some inches in length, linear, slightly flattened, with 
a small projecting rib on the lower surface. They 
are covered on all sides by glands of two kinds 
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— sessile ones arranged in rows, and others sup- 
ported on moderately long pedicels. Towards the 
narrow aummits of the leavea the pedicels are longer 
than elsewhere, and here equal the diameter of the 
leaf. The glunda are purplish, much flattened, and 
formed of a single layer of radiating cells, which in 
the larger glanda are from forty to fifty in number. 
The pedicels consist of single elongated cells, with 
colourless, extremely delicate walls, marked with the I 
finest intersecting spiral lines. Whether these lines " 
are the result of contraction from the drying of the 
walls, I do not know, but the whole pedicel was often 
spirally rolled up. These glandular hairs are far more 
simple in structure than the so-called tentacles of the 
preceding genera, and they do not difl'er essentially 
I'rom those borne by innumerable other plants. The 
flower-peduncles bear similar glands. The most sin- 
gular character about the leaves is tliat the apex is 
enlarged into a little knob, covered with glands, and 
about a third broader than the adjoining part of the 
attenuated leaf. In two places dead flies adhered to 
the glands. As no instance is known of unicellular 
structures having any power of movement," Byblis, 
no doubt, catches insects solely by the aid of it* J 
viscid secretion. These probably sink down besmea^ed!^ 
with the secretion and rest on the small sessile glands, 
which, if we may judge by the analogy of Droao- 
phyllum, then pour fourth their secretion and after- 
wards absorb the digested matter. 

Sapplemeniary Observalions on the Power of Absorp- 
tion by the Glandular Hairs of other Plants. — A few 
observations on this subject may be here conveniently 
introduced. As the glands of many, probably of all. 
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the species of Droaeraceee absorb varioua fluids or 
at least allow them readily to euter,* it seemed desir- 
able to ascertain how far the glands of other plants 
which are not specially adapted tor capturing insects, 
had the same power. Plants were chosen for trial 
at hazard, with the exception of two species of saxi- 
frage, which were selected from belonging to a family 
allied to the Droseracefe. Most of the experiments 
were made by immersing the glands either in an in- 
fusion of raw meat or more commonly in a solution of 
carbonate of ammonia, as this latter substance acts so 
powerfully and rapidly on protoplasm. It seemed also 
partictilarly desirable to ascertain whether ammonia 
was absorbed, as a small amount is contained in rain- 
water. With the Droseraceffi the secretion of a viseid 
fluid by the glands does not prevent their absorbing ; so 
that the glands of other plants might excrete super- 
fluous matter, or secrete an odoriferous fluid as a 
protection against the attacks ofinsects, or for any other 
purpose, and yet have the power of absorbing. I 
regret that in the following cases I did not try whether 
the secretion could digest or render soluble animal 
substances, but such experiments would have been 
difficult on account of the small size of the glands 
and the small amount of secretion. We shall see in 
the next chapter that the secretion from the glandular 
hairs of Pinguicula certainly dissolves animal matter. 

S'^d/Taija iimhrosa. — T!iB flower-peduncles and petioles of tbe 
leaves are clothed with short liaira, bearing piDk-coloured glands, 
formed of Eeveral polygonal cells, witk their pedicels divided by 
partitions into dintinct cells, which are genernlly colourless, but 
Botnetimes pink. The glands secrete u yi'llowish viBcid fluid, by 



* The distinction lietween tme oleaFly ODfterstood r see Uiillei'i 
(I lATirption aad mere penneation, ' Phyuiolotrj,' Kng. tranalat. 1833 
or imbibitioa. ia bv no means vol. i. p. 2t<l). 
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which miimte Diptern are Bometimes, tliough not often, canght.* 
Tlie cells of the glauilH conlaiii bn'tiht piok fluid, charged v "' 
griimilea or vrith globular massoa of pinkieh pulpy mailer. 1 
matter must be proloplasm, for it is setn to uudergo slow b 
incessant changes of form if a. gtond be placed in a, drop o 
water and examined. Similar moveuteutB were observed aft«i 
glands had been immersed in water for 1, 3, 5, 18, and 27 his. 
Even after this latt«r period the glands retained their InHght 
pink colour; and the protoplasm within their cells did not 
appear to haTe become more aggregated. The continual!/ 
changing forms of the little masses of protoplasm are not duo to 
the abaorptioE of water, as they were seen in glands kept dry. 

A flower-stem, still attached to a plant, wae hent (May 29) 
BO as to remain immorsed for 23 hrs. 80 m. in a strong infosion 
of raw meat. The colour of the contents of the glands was 
slightly changed, being now of a duller and mure purple tint 
than before. The contents also appeared more aggregated. foc_ 
the spaces between the little masses of protoplasm were wider ij 
but this latter result did not follow in some other and similn 
experiments. The qibebcs seemed to change their forms mova 
rapidly than did those in water ; so that the colls had a (' 
ent appearance every four or five minutes. Elongated n 
became in tlie course of one or two minutes spherical; 
spherical ones drew themselves out and united with oiheHL^ 
Minute masses rapidly increased in size, and three distinct 
ones were seen to unite. The movemeutfi were, in short, 
exactly like those described in the case of Drosera. The cells 
of the pedicels were not affected by the infusion ; nor were they 
in the following experiment. 

Another flower-stem was placed in the same manner and tar 
B length of time iu a solution of one part of nitrate of 
1 to 146 of water (or 3 grs. to 1 oz.), and the glands 
were discoloured in exactly the same manner as hj the infusion 
of raw meat. 

Another flower-stem was immersed, as before, in a solution of 
one part of carbonate of ammonia to lOU of water. The glands, _ 
flfler 1 hr. 30 ro., were not discoloured, but after 3 hia. 4~ 
most of them had become dull purple, some of them I 
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green, a few being still unaffected. The little masses of proto- 
plasm within the eella were Been in movement, 'i'he cellB of the 
pedicela were unaltered. The experiment vaa repented, and a 
fresh floiver-stem was left for 2St hrs. in the Bolntion, and now a 
great effect was prodncod; all the glands were munli blackened, 
and tlie previously traodparent fluid in the eelle of the pedicels, 
even down to their bases, contained Epheriail masseu of granular 
matter. B; comparing manj diiferent hairs, it waa evident that 
the glands Rrst absorb the carbonate, and that the effect thus 
produced travels down the hairs from cell to cell. The first 
change which could be ohserTod is a cloudy appearance in the 
fluid, dus to the formation of very fine granules, which after- 
wards aggri?gahj into larger masses. Altogether, in the darken- 
ing of the glands, and in the procesB of aggregation travelling 
down the cells of the pedicels, there is the closest resemblance 
to what takes place when a tentacle of Brosera is immersed in 
a weak solution of the same salt. The glands, however, absorb 
very much more slowly than those of Drosera. Besides the 
glandular hairs, there are star-shaped organs which do not 
appear to secrete, and which were not in the least alTected by 
the above solutions. 

Although in the case of uninjured flower-stems and leaves 
tha carbonate seems to be absorbed only by the glands, yet 
it enters a cut surface much more quickly than a gland. Strips 
of the rind of a flower-stem were torn off, and the cells of tie 
pedicels were Been to contain only colourless transparent fluid; 
those of the glnuds including as usual some granular matler. 
These strips were then immersed in the same solution as before 
(one part ot the carbonate to 109 of water), and in a few 
minutes granular matter appeared in the louier cells of all the 
pedicels. The action invariably commenced (for I tried the 
experiment repeatedly) in the lowest cells, and therefore close 
to the torn surface, and then gradually travelled up the hairs 
until it reached the glands, in a revei'sed direction to what 
occurs in uninjured speciniens. The glands thea became dis- 
coloured, mid the previously contained granular matter was 
aggregated into larger masses. Two short hits of a flower-stem 
were also left for S hrs. 40 m. in a weaker solution of one part 
of the carbonate to 218 of water; and in both specimens the 
ptdicelsof the hairs near the cut ends now contained much 
granular matter; and the glands were completely discoloured. 

Lastly, bits of meat were placed on some glands ; these were 
esamined after 23 hrs., as were others, which hod apparently 
not long before caught minute flies ; but they did not present any 
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difforonce from tho glnnds of other hairs. Perhaps there n 
not have been time enonfth for absorption, 1 think.BO as so; . 
glanilB, oa nhich dead flies had eridently long laic, were of jtl 
pale dirty pnrple colour or even almost colourleBs, aad thsV 
granular matter within them presented an unusual and eome'-J 
what peculiar appearance, I'hat these glands had abeorbeAl 
animal matter from the flies, probably by eKOsmose into tbSS 
viBcid secretion, we may infer, not only from their changedl 
colour, but becanse, when placed in a solution of carbonate tit ■ 
ammonia, some of the cells in their pedicels become jS/Zoi with 
granular matter ; whereas the cells of other hairs, which had 
not caught flies, after being treated with the same solution for 
the same length of time, contained only a small quantity ■ 
of grannlar matter. But more evidence is necesEory before fl 
fully admit that the glands of this saxifrage can absorb, eve&l 
with ample time allowed, animal matter from the minntaf 
insects which tiiey occasionally aad nccidentaliy capture. ^ 

SaX'/r-'ga Totuiutifolia {?).^The hairs on the flower-stems 6 
this species are longer than those just described, and bear patcffl 
brown glands. Many were examined, and the cells of tb^T 
pedicels were quite transparent. A bent stem was immersed 
for 30 m. in a solution of one part of carbonate of ammonia to 
109 of water, and two or three of tho uppermost cells in the 
pedicels now contained granular or aggregated matter; the 
glands having become of a bright yellowish-green. The glands 
of this species therefore absorb the carbonate much more 
quickly than do those of Saxi/raga iimliri>Ba, and the upper 
eeUa of the pedicels are likewise affected much more quickly. 
Pieces of the stem were cut off and immersed in 
solution ; and now the process of aggregation travelled up t 
liairs in a reversed direction; the cells close to the cut s 
faces being first afi'ected. 

Primula tinenais. — The flower-stems, the upper and lower snp- 
feces of the leaves and their footstalks, are all clothed with a 
multitude of longer and shorter hairs. The pedirols of the 
longer hairs are divided by transverse partitions into eight o 
nine cells. The enlarged torminal cell is globular, forming i| 
gland which secretes a variable amount of thick, slighlly visoi^ 
not acid, brownish-yellow matter. 

A piece of a young flower-stem was first immersed in distillej 
water for 2 hrs. sfO in., and the glandular hairs were not at & 
affected. Another piece, bearing twenty-five short and r 
long hairs, was carefully examined. The glands of the latt«i 
noutaiiied no solid or semi-solid nmtler; and those of only tm 
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of ihe twenty-five short hairs contamed some globuloi 
piece WBs then imnierBed for 2 hrs. in a Eolntion of one part a 
carbonate of ammonia to 109 of water, and now the glands oC 
the twenty-five shorter haira, with two or three eieeptions, con- 
tained either one large or from two to five smnllec spherical 
masaes of scini-BoliiJ matter. Three of the glands of the nine long 
hairs likewise included similar maases. In a few hairs there 
were also globules in the colls immediately kieneath the glands. 
Looking to ali thirty-four hairs, there could be no doubt that 
the glands had absorbed some irf the carbonate. Another piece 
was left for on]y 1 hr. in the eame solution, and aggregated 
matter appeared in all the glands. My son Francis examined 
eome glands of the longer hairs, which coctained little masses 
of matter, before they were immersed in any solution; and 
thoje mosses slowly cbnjiged their forms, so that no doubt they 
consisted of protoplasm. He then irrigated these hairs for 1 br. 
15 m., whilst nnder the microscope, with a solution of one part of 
the carbonate to 218 of water ; the glands were not perceptibly 
affected, nor coald this have been expected, as their cootents were 
already ag^egated. But in the cells of the pedicels numerous, 
almost colourless, spheres of matter appeared, which changed 
their forms and slowly coalesced ; the appearance of the cells 
being thus totally changed at successive intervals of time. 

Tbe glands on a young flower-stem, after having been left 
for 3 hrs. 45 m. in a strong solution of one part of the carbonate 
to 109 of water, contained an abundance of aggregated mosses, 
but whether generated by the action of the salt, I do not 
know. Xbis p:ece was again placed in the solution, so that 
it was immersed alf<^ether for 6 hrs, 15 m., and now there was 
a great clianpre ; for almost all the spherical masses within 
the gland-cells had disappeared, being replaced by granular 
matter of a darker brown. The experiment was Ihrice re- 
peated with nearly tbe same result. On one occasion the piece 
was left immersed for 8 hrs. 30 m., and though almost all tbe 
spherical masses were changed into the brown granular matter, 
a few still remained. If the spherical masses of a^regated 
matter had been originally produced merely by some chemical 
or physical action, it seems strange that a somewhat longer 
immersion in the same solution should bo completely alter 
their character. But as the massea which slowly and 
spontaneonsiy changed their forms must lla^'e consisted of 
living protoplasm, there is nothing suriirisiug in its bting 
injured or killed, and its appearance wholly changed by long 
immersion in so strong a solution of the carbonate as that 
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employed. A solntian of this etrength paralyEee all movenieot 1 
in Drosera, but docs not kill the protoplasm; a etill stronger 
Eolutioa prevents the protoplasm from aggrcgatJDg into the 
ordiimry full-sized globular masses, and thege, though they 
do not disintegrate, bacorae granular and opaque. In Ufa ' 
the same nianuer, too hut water and certain solutiuna [ 
instance, of the ealte of soda and jxitiEh) fSTise at firet t 
imperfect kind of a^regation in the cells of Drosera; the I 
iDaKi-cs afterwards breaking up into grauulac or pulpy br< 
matter. All the foregoing esporinieiits were made on flower- 
stems, but a piece of a leaf was immersed for 30 m. in a strong 
Bohition of tiie carbonate (one part to 109 of water), and little 
globular maaseB of matter appeared in ail the glands, which i 
tiufore contained only limpid fluid. 

I made also several experiments on the action of the vai^nrfl 
of the carbonate on the glands; but will give only a few ca 
The cut end of the footstalk of a young leaf was prote".ted n 
seahng-wa.t, and was then placed ui der a small bell-glass, with 
a large pinch of the carbonate. After lU m. the glands show^ 
a considerable d^ree of aggregation, end the protoplasm lining 
the coIIb of the pedicels was a Ihtle atparated from the walls. 
Another leaf was left for 50 m. with the same result, excepting 
that the hairs became throughout their whole length of a 
brownish colour. In a third leaf, which was esposed for 1 hr, 
50 in., there was much aggregated matter in the glands ; and 
some of the masses showed signs of breaking up into brown 
granular matter. This leaf was again placfcd in the Tapoui, 
so that It was exposed altogether for 5 hrs. 30 m. ; and now, 
though I examined a large number of glands, aggn 
masses were found in only two or three; in all the o 
the masses, which before had been globular, were coc 
into brown, opaque, granular matter. We thus see 
exposure to thu vapour for a cooeiderable time produces the aame 
effects as long immersion in a strong solution. In both cases 
there could hardly be a doubt that the salt had lieen abeorbed 
chiefly or eiclusively by the glands. 

On another occasion bits of dump fibrin, drops of a weak ii 
fusion of raw meat and of water, were left for 21 hrs. on 
leaves ; the hairs were then examined, but to ray surprise differed^ 
in no respect from others which had not been touched by tlieee 
fluids. Most of tlie celts, however, included hyaline, motioniera 
httle spheres, which did not seem to consist of protoplaam, 
but, I suppose, of some l)alsam or essential oil. 

Felargo7iium ^on'il- (vfir. edged with wlii'e). — The leaves i 
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tire dothod with nnmerons tnnlticelluliir hairs; some simply 
pointed; others bettring glandular heads, nnd differing mnuh in 
lent^th. The glnniie on a piece of leaf were examined iind found 
to contain only limpid fluid ; mi«t of the water wan removed 
from buueath the coTuring glass, and a minute drop of one |>art 
of carbonate of ammonia to 146 of water was added ; so that an 
extremely bmall dose was given. After an interval of only 3 m. 
there were eigns of aggregation within the glands of the shorter 
hairs ; and aftur 5 oi. many small globules of a pale brown tiiit 
appeared in all of them; similar globules, but larger, being 
found in the largo glands of the longer hairs. After the speci- 
men had been kit for 1 hr. in the sohition, many of the smaller 
globules had changed their positions; and two or three Tacnoles 
or small spherea (for I know not whieh they were) of a rather 
darker tint appeared within some of the larger globules. 
Little e'obules could now tie seen in some of the uppermost 
cells of the pedicels, and tho protoplasmic lining was slightly 
separated from the walls of the lower cells. After 2 hrs. 30 m. 
from the time of first immersion, the large globules within 
the glands of the longer liairs wore converted into masses of 
darker brown granular matter. Hence from what we hare SLtn 
with /Y'mu/a einei-sis, there can be little doubt that these 
masses originally consisted of living protoplasm. 

A drop of a weak infusion of raw meat was placed on a leaf, 
and after 2 hrs. 31) m. many spheres could be seeo within the 
glands. These spheres, when looked at again aft^r 30 m., had 
slightly changed their positions anil forms, and one had sepa- 
rated into two ; but the changes were not quit* like those which 
the protoplasm of Drosera undergoes. These hairs, moreover, 
had not been examined before immersion, and there were similar 
spheres in some glands which had not been touched by the 
infusion. 

IS'ica tetridij:. — A few long glandular hairs project from the 
margins of the upper surfaces of the leaves. The pedicels are 
formed of several rows of cells, and support rather large globular 
heads, secreting viscid matter, by which minute insects are 
occasionally, though rarely, caught. Some leaves were left for 
2^i lirs. in a weak infusion of raw meat and in water, and 
the hairs were then compared, but they differed very little or 
not at all. In both cai^s the contents of the cells seemed rather 
more granular than they were before ; but the granules did not 
eshibit any movement. Otlier loaves were left for 23 hrs. in a 
solution of one part of carbonate of ammonia to 218 of water, 
ijnd here figain the granular matter ap[iearyd to have increased 
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in amount ; but one such mass retained exacti j the name form a 
before aftOT an interval of 5 lire., bo that it could hardly Lave 
coneisted of living protoplasm. These glands soom to have very 
little or no power of abeorptioii, curtainl; much less than those 
of the foregoing plants. 

Mirabilii longifloni. — The stems and both surfaces of the 
leaves bear viscid hairs. Young plaiile, from 13 to V6 inches 
in height in mj greenhouse, caught so man; minute Dfptem, 
Coleoptero, and larvie, that they were quite dusted with them. 
The hairs are short, of unequal lengths, formed of a single row 
of cells, surmounted by an enlarged cell which secretes viscid 
matter. These terminal cells or glands contain granules and 
often globules of granular matter. Within a gland which had 
canght a small insect, one such mass was ol»aerved to undergo 
incessant changes of form, with the occasional appearance of 
vacuoles. But I do not believe that this protoplasm had been 
generated by matter absorbed from the dead insect ; for, 
on comparing several glands which had and had not caught 
insects, not a shade of differeneo could bo perceived between 
them, and they all contained fine granular matter, A piece of 
leaf was immersed for 2i hia. in a solution of one part of car- 
bonate of ammonia to 218 of water, but the hairs seemed very 
little affected by it, excepting that perhaps the glands were 
rendered rather more opaqne. In the leaf itself, however, the 
grains of chlorophyll near the cut surfaces had run together, 
or become aggregated. Nor were the glands on another leaf, 
after an immersion for 24 hrs. in an infusion of raw meat, in 
the least affected ; bat the protoplasm lining the cells of the 
pedicels Lad shrunk greatly from the walls. Tliis latter effect 
may have been due to exosmose, as the infusion was strong. 
We may, therefore, conclude that the glands of tliis plant either 
have no power of absorption or that the protoplasm which they 
contain is not acted on by a solution of carbonate of ammonia 
(and this seems scarcely credible) or by an infusion of meat. 

Hicotiana tahaaim. — This plant is covered with inuumerable 
hairs of unequal lengths, which catch many minute insects. 
Tbe pedicels of the haire are divided by transverse partitions, 
and the secretmg glands are formed of many cells, containing 
greenish matter with little globules of some substance. Leaves 
were left in an infusion of raw meat and in water for 2 " 
but presented no difference. Some of these same leave 
were then left for above 2 hrs. in a sulntion of carbonate o 
ammonia, bnt no effect was produced. I regret that c 
not tiieii with m 
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haa shown * that tobacco plants supplied with tha vapour of 
cnrI)onat« of ammouin yield on analjBJa a greater amDunt of 
nitrt^en tlian otlier plants not thus treated; and, from what 
we have seen, it ia probable that bqiho of the vapour may bo 
absorbed by the glandular hairs. 



Summary of the Ohservationt on Glandular Hairs. — 
From tlie foregoing observations, few as they are, we 
see that the glands of two species of Saxifraga, of a 
Primula and Pelargonium, have the power of rapid 
absorption ; whereas the glands of an Erica, Mirabilis, 
and Nicotiana, either have no such power, or the 
contents of the cells are not affected by the fluids 
employed, namely a solution of carbonate of am- 
monia and an infusion of raw meat. As the glands 
of the Mirabilis contain protoplasm, which did not 
become aggregated from exposure to the fluids jn3t 
named, though the contents of the eelU in the blade 
of the leaf were greatly afl'ected by carbonate of 
ammonia, we may infer that they cannot absorb. We 
may further infer that the innumerable insects caught 
by Ihis plant are of no more service to it than are 
those which adhere to the deciduous and stichy scales 
of the leaf-buds of the horse-chestnut. 

The most interesting case for us is that of the two 
species of Saxifraga, as this genus is distantly allied 
to Drosera. Their glands absorb matter from an 
infusion of raw meat, from solutions of the nitrate 
and carbonate of ammonia, and apparently from 
decayed insects. This was shown, by the changed 
dull purple colour of the protoplasm within the cells 
of the glands, by its state of aggregation, and appa- 
rently by its more rapid spontaneous movements. 
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The aggregating process spreads from the glands 
down the pedictla of the hairs ; and we may assume 
that any matter which is absorbed ultimately reaches 
the tissues of the plant. On the other hand, the process 
travels up the hairs whenever a surface is cut and t 
posed to a solution of the carbonate of ammonia. 

The glands on the flower - stalks and leaves of | 
Primula sinensis quickly absorb a solution of the ' 
carbonate of ammonia, and the protoplasm which they 
contain becomes aggregated. The process was seeu 
in some cases to travel from the glands into the upper 
cells of the pedicels. Exposure for 10 m. to the 
vapour of tliis salt likewise induced aggregation. 
When leaves were left from 6 bra. to 7 hrs. in a strong 
solution, or were long exposed to the vapour, the little 
masses of protoplasm became disintegrated, brown, and 
granular, and were apparently killed. An infusion of | 
raw meat produced no efi'ect on the glands. 

The limpid contents of the glands of Pdartfonium 
eonale became cloudy and granular in from 3 m. to 5 m. 
when they were immersed in a weak solution of the car- 
bonate of ammonia ; and in the course of 1 hr. granules 
appeared in the upper cells of the pedicels. As the , 
aggregated masses slowly changed their forms, and as ^ 
they suflered disintegration when left for a consider- 
able time in a strong solution, there can be little doubt 
that they consisted of protoplasm. It is doubtful 
whether an infusion of raw meat produced any effect. 

The glandular hairs of ordinary plants have gene- j 
tally been considered by physiologists to serve onlyl 
as secreting or excreting organs, but we now know that i| 
they have the power, at least in some cases, of absorbing 1 
both a solution and the vapour of ammonia. As raiu- I 
water contains a small percentage of ammonia, and the 1 
atmosphere a minute quantity of the carbonate, thi» ^ 
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power can hardly fail to be beneficial. Nor can the 
benefit bo quite so insignificant as it miglit at first ba 
thought, for a moderately fine plant of Priiii'ula 
sinensis bears the astonishing number of above two 
millions and a half of glandular kaira/ all of whieh 
are able to absorb ammonia brought to them by ths 
rain. It is moreover probable that the glands of some 
of the above named plants obtain animal matter from 
the insects which are occasionally entangled by the 
viscid secretion. 

Concluding Remarks on the Droserace^, 

The six known genera composing this family have 
now been described in relation to our present subject, 
as far as my means have permitted. They all capture 
insects. This is efl'ected by Drosophyllum, Koridula, 
and Byblis, solely by the viscid fluid secreted from 
their glands; by Droaera, through the same means, 
together with the movements of the tentacles ; by 
Dionffia and Aldrovanda, through the closing of the 
blades of the leaf. In these two last genera rapid 
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movement makes up for the loss of viscid secretion, 
In every case It is some part of the leaf which moves 
In AJdrovanda it appears to be the basal parts aloiu 
which contract and carry with thorn the broadj t" " 
margins of the lobes. In Dionfea the whole lobe, with 
the exception of the marginal prolongations or spikes, 
curves inwards, though the chief seat of movement is 
near the midrib. In Drosera the chief seat is in the 
lower part of the tentacles, which, homologically, may 
be considered as prolongations of the leaf; but the 
whole blade often curls inwards, converting the let " " 
into a temporary stomach. 

There can hardly be a doubt that all the plantd 
belonging to these six genera have the power of di»*B 
solving animal matter by the aid of their aecretioivB 
which contains an acid, together with a ferment! 
almost identical in nature with pepsin ; and that they 
afterwards absorb the matter thus digested. This m 
certainly the case with Drosera, Drosophyllum, and 
Dionfea ; almost certainly with Aldrovanda ; and, from J 
analogy, very probable with Eoridula and Byblis, We I 
can thus understand how it is that the three first- 1 
named genera are provided with such small roots, and 
that Aldrovanda is quite rootless; about the roots 
of the two other genera nothing is known. It is, no 
doubt, a surprising fact that a whole group of plants 
(and, as we shall presently see, some other plants 
not allied to the Droseraceoc) should subsist partly by 
digesting animal matter, and partly by decomposing 
carbonic acid, instead of exclusively by this latter 
means, together with the absorption of matter from 
the soil by the aid of roots. We have, however, an 
equally anomalous case in the animal kingdom ; the 
rhizocephalous crustaceans do not feed like other 
animals by their mouths, for they are destitute of ao 
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alimentary canal ; but they live by absorbing through 
root-like procesaes the juices of the aoimala on which 
they are parasitic." 

Of the six genera, Drosera baa been incomparably 
the most auccessful in the battle for life ; and a large 
part of its success may be attributed to its manner 
of catching insects. It is a dominant form, for it is 
believed to include about 100 sp6cie8,t which range in 
the Old World from the Arctic regions to Southern 
India, to the Cape of Good Hope, Madagascar, and 
Australia; and in the New World from Canada to 
Tierra del Fuego. In this respect it presents a marked 
contrast with the five other genera, which appear to be 
failing groups. Dioniea includes only a single species, 
which is confined to one district in Carolina. The 
three Tai-ietiea or closely allied species of Aldrovanda, 
like so many water-plants, have a wide range from 
Central Europe to Bengal and Australia. Droso- 
phyllum includes only one species, limited to Portugiil 
and Morocco. Euridula and Byblia each have (as 1 
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hear from Prof, Oliver) two species ; the former 
fined to the western parts of the Cape of Good Hope, 
and the latter to Australia. It is a strange fact that 
Dioneea, which is one of the moat beautifully adapted 
plants in the vegetable kingdom, should apparently be 
on the high-road to extinction. This is all the mora 
strange as the organs of Dionsea are more highly 
differentiated than those of Drosera ; its filaments 
serve exclusively as organs of touch, the lobes for 
capturing insects, and the glands, when excited, for 
secretion as well as for absorption ; whereas wii 
Drosera the glands serve all these purposes, and secrel 
without being excited. 

By comparing the structure of the leaves, their 
degree of complication, and their rudimentary parts 
in the six genera, we are led to infer that their common 
parent form partook of the characters of Droaophyllum, 
Eoridula, and Eyblis. The leaves of this ancient form 
were almost certainly linear, perhaps divided, and bore 
on their upper and lower surfaces glands which had 
the power of secreting and absorbing. Some of these 
glands were mounted on pedicels, and others were 
almost sessile ; the latter secreting only when stimu- 
lated by the absorption of nitrogenous matter. In 
Byblis the glands consist of a single layer of cells, 
supported on a unicellular pedicel ; in Koridula they. 
have a more complex structure, an<l are supported 
pedicels formed of several rows of cells ; in Dros 
pbylhim they further include spiral cells, and the pedi> 
eels include a bundle of spiral vessels. But in th( 
three genera these organs do not possess any power 
movement, and there is no reason to doubt that they 
are of the nature of hairs or trichomes. Although in 
innumerable instances foliar organs move when el- 
icited, DO case is known of a trichome having 
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power.* We are thus led to inquire how the so-called 
tentacles of Drosera, which are manifestly of the same 
general nature as the glandular haira of the above 
three genera, could have acquired the power of moving. 
Many botaniala maintain that those tentacles consist 
of prolongations of the leaf, because they include vas- 
cular tissue, but this can no longer be considered as a 
trustworthy distioction.t The possession of the power 
of movement on excitement would have been safer 
evidence. But when we consider the vast number of 
the tentacles on both surfaces of the leaves of Droso- 
phyllum, and on the upper surface of the leaves of 
Drosera, it seems scarcely possible that each tentacle 
could have aboriginally existed as a prolongation of 
the leaf, Koridula, perhaps, shows us how we may 
reconcile these difficulties with respect to the homo- 
logical nature of the tentacles. The lateral divisions 
of the leaves of this plant terminate in long tentacles ; 
and these include spiral vessels which extend for only 
a short distance up them, with no line of demarcation 
between what is plainly the prolongation of the leaf 
and the pedicel of a glandular hair. Therefore there 
would be nothing anomalous or unusual in the basal 
parts of these tentiicles, which correspond with the 
marginal ones of Drosera, acquiring the power of 
movement; and we know that in Drosera it is only 
the lower part which becomes inflected. But in order 
to understand hojv in this latter genus not only the mar- 
ginal but all the inner tentacles have become capable 
of movement, we must further assume, either that 
through the principle of corrfilated development this 
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power was transferred to tlie basal parts of the trnrg, j 
or that the surface oi tlie leaf has been prolonged j 
upwards at numerous pomts, so as to unite with the \ 
hairs, thus forming the bases of the inner tentacles. 

The above named three genera, namely Droso- J 
phyllura, Koridula, and Byhlis, which appear to have I 
retained a primordial condition, still bear glandular j 
hairs on both aurfacea of their leaves ; but those on J 
the lower surface have since disappeared in the more i 
highly developed genera, with the partial esception 
of one species, Drosera binata. The small sessile 
glands have also disappeared in some of the genera, 
being replaced in Eoridula by hairs, and in moat 
species of Drosera by absorbent papillte. Drogera 
binaia, with its linear and bifurcating leaves, is in I 
an intermediate condition. It still bears some sessile I 
glands on both aurfaccB of the leaves, and on the lower ] 
surface a few irregularly placed tentacles, which are 
incapable of movement. A further slight change 
would convert the linear leavea of this latter species 
into the oblong leavea of Drosera anglica, and these 
might easily pass into orbicular ones with footstalk^ I 
like those of Drosera rotundifolia. The footstalks of thig I 
latter species bear multicellular hairs, which wa have I 
good reason to believe represent aborted tentacles. 

_ The parent form of Diontea and Aldrovanda seems to | 
have been closely allied to Drosera, and to have had ' 
rounded leaves, supported on distinct footstalks, and ■ 
furnished with tentacles all round the circumference, 
with other tentacles and sessile glands on the upper 
suriace. I think so because the marginal spikes of 
Dionfea apparently represent the extreme marginal 
tentacles of Drosera, the six (sometimes eight) sensitive 
filaments on the upper surface, as well as the more 
numerous ones in .^.Idrovanda, representing the eeiitral 
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tentacles of Drosera, with their glands aborted, but their 
eenaitiveness retained. Under this point of view we 
should bear in mind that the snmmite of the tentacles 
of Drosera, cloae beneath tlie glands, are sensitive. 

The three most remarkable characters possessed by 
the several members of the Droseracese consist in the 
leaves of some having the power of movement when 
excited, in their glands secreting a fluid which digests 
animal matter, and in their absorption of the digested 
matter. Can any light be thrown on the steps 
by which these remarkable powers were gradually 
acquired ? 

As the walls of the cells are necessarily permeable 
to fluids, in order to allow the glands to secrete, it ia 
not surprising that they should readily allow fluids to 
pass inwards ; and this inward passage would deserve 
to be called an act of absorption, if the fluids com- 
bined with the contents of the glands. Judging from 
the evidence above given, the secreting glands of 
many other plants can absorb salts of ammonia, of 
which they must receive small quantities from the rain. 
This is the case with two species of Saxifraga, and the 
glands of one of them apparently absorb matter from 
captured insects, and certainly from an infusion of raw 
meat. There is, therefore, nothing anomalous in the 
DroseraceiB having acquired the power of absorption 
in a much more highly developed degree. 

It is a far more remarkable problem how the 
members of this family, and Pinguicula, and, as Dr. 
Hooker has recently shown, Nepenthes, could all have 
acquired the power of secreting a fluid which dis- 
solves or digests animal matter. The six genera of 
the Droseracese have probably inherited this power 
from a common progenitor, but this cannot apply to 
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Pinguicula or Nejientlies, for these plants are not at a 
closely related to the Droseracese. But the difficult] 
is not nearly so great as it at first appears. Firstly, tiu 
juicea of many plants contain an acid, and, a])parently, * 
BJiy acid serves for digestion. Secondly, as Dr. Hooker 
has remarked in relation to the present subject in his 
address at Belfast (1874), and as Sachs repeatedly 
insists," the embryos of some plants secrete a Huid 
which dissolves albuminous substances ont of the 
endosperm ; although the endosperm is not actually _ 
united with, only in contact with, the embiyo. AUJ 
plants, moreover, have the power of dissolving alba-j 
minous or proteid substances, such as protoplasm 
chlorophyll, gluten, aleurone, and of carrying 1 
from one part to other part^ of their tissues. Tlii 
must be effected by a solvent, probably consisting c 
a ferment together with an acid.f Now, in the case offl 
plants which are able to absorb already soluble matt^l 
fivDia captured insects, though not capable of truArl 
digestion, the solvent just referred to, which must befl 
occasionally present in the glands, would be apt t»'l 
exude from the glands together with the viscid secr&- | 
tion, inasmuch as end osmose ia accompanied by 
exosmose. If such exudation did ever occur, the 
aolvent would act on the animal matter contained 
within the captured insects, and this would be an , 
act of true digestion. As it cannot be doubted 
that this process would he of high service to plants J 
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growing in very poor soil, it would tend to be perfected 
through natural selection. Therefore, any ordinury 
plant having viscid glands, which occasionally caught 
insects, might thus be converted under favourable cir- 
cumstances into a species capable of true digestion. It 
ceaaea, therefore, to be any great mystery how several 
genera of plants, in no way closely related together, 
have independently acquired this same power. 

As there exist several plants the glands of which 
cannot, as far as is known, digest animal matter, yet 
can absorb salts of ammonia and animal fluids, it is 
probable that this latter power forms the first stage 
towards that of digestion. It might, however, happen, 
under certain conditions, that a plant, after having 
acquired the power of digestion, should degenerate 
into one capable only of absorbing animal matter in 
solution, or in a state of decay, or the final products 
of decay, namely the salts of ammonia. It would appear 
that this has actually occurred to a partial extent with 
the leaves of Aldrovanda ; the outer parts of which 
possess absorbent organs, but no glands fitted for the 
secretion of any digestive fluid, these being confined 
to the inner parts. 

Little light can be thrown on the gradual acquire- 
ment of the third remarkable character possessed by 
the more highly developed genera of the Droseracece, 
namely the power of movement when excited. It 
should, however, be borne in mind that leaves and 
their homologues, as well as flower- peduncles, have 
gidned this power, in innumerable instances, indepen- 
dently of inheritance from any common parent form ; 
for instance, in tendril-bearers and leaf-climbers (i. e. 
plants with their leaves, petioles and flower-peduncles, 
&c., modified for prehension) belonging to a large 



number of the most widely distinct orders,— 
leaves of the many plants which go to sleep at night, 
or move when shaken, — and in the irritable stamens 
and pistils of not a few species. We may therefore 
infer that the power of movement can be by some 
means readily acquired. Such movements imply irri- 
tability or sensitiveness, but, as Cohn has remarked,* 
the tissues of the plants thus endowed do not differ 
in any uniform manner from those of ordinary plants ; 
it is therefore probable that all leaves are to a slight 
degree irritable. Even if an insect alights on a lea^ J 
a slight molecular change ia probably tmnsmitted J 
to some distance across its tissue, with the sold J 
difference that no perceptible effect is produced. Wei 
have some evidence in favour of this belief, for wft I 
know that a single touch on the glands of Droaera does " 
not excite inflection ; yet it must produce some effect, 
for if the glands have been immersed in a solution of 
camphor, inflection follows within a shorter time than 
would have followed from the effects of camphor 
alone. So again with Dionfea, the blades in their J 
ordinary state may be roughly touched without their 
closing; yet some effect must be thus caused and 
transmitted across the whole leaf, for if the glands have 
recently absorbed animal matter, even a delicate touch 
causes them to close instantly. On the whole we may 
conclude that the acquirement of a high degree of 
sensitiveness and of the power of movement by certain 
genera of the Droseraceos presents no greater difGculty 
than that presented by tne similar but feebler powers^ 
of a multitude of other plants. 
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The specialised nature of the Bensitivencss possessed 
by Drosera and DionEea, and by certain other plants, 
well deserves attention, A gland of Drosera may be 
forcibly hit once, twice, or even tlirice, without any 
effect being produced, whilst the continued pressure 
of an extremely minute particle excites movement. 
On the other hand, a particle many times heavier 
may be gently laid on one of the filaments of 
Dionssa with no effect ; but if touched only once by 
the slow movement of a delicate hair, the lobes close ; 
and this difference in the nature of the sensitiveness of 
these two plants stands in manifest adaptation to their 
manner of capturing insects. So does the fact, that 
when the central glands of Drosera absorb nitro- 
genous matter, they transmit a motor impulse to the 
exterior tentacles much more quickly than when they 
are mechanically irritated; whilst with Dionsea the 
absorption of nitrogeneous matter causes the lobes 
to press together with extreme slowness, whilst a 
touch excites rapid movement. Somewhat analogous 
eases may be observed, aa I have shown in another 
work, with the tendrils of various plants ; some being 
most excited by contact with fine fibres, others by 
contact with bristles, others with a flat or a creviced 
surface. The sensitive organs of Drosera and Dioucea 
are also specialised, so as not to be uselessly affected 
by the weight or impact of drops of rain, or by 
blasts of air. This may be accounted for by sup- 
posing tliat these plants and their progenitors have 
grown accustomed to the repeated action of rain and 
wind, so that no molecular change is thus induced ; 
whilst they have been rendered more sensitive by 
means of natural selection to the rarer impact or 
pressure of solid bodies. Although the absorption by 
the glands of Drosera of various fluids excites move- 
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ment, there is a great difference in the action at 
allied fluids; for instance, between certain vegetable 
acids, and between citrate and phosphate of ammonia. 
The specialised nature and perfection of the Bensitive- 
ness in these two plants is all the more astonishing 
as no one supposes that they possess nei-vea ; and by 
testing Drosera with several substances which act 
powerfully on the nervous system of animals, it doesa 
not appear that they include any diffused matter 1 
an^ogous to nerve- tissue. 

(^Although the cells of Drosera and Dionwa are quite. I 
as sensitive to certain stimulants as are the tissues | 
which surround the terminations of the 
the higher animals, yet these plants are inferior eveik.1 
to animals low down in the scale, in not being affected T 
except" by stimulants in contact with their sensitive 
partaT^ They would, however, probably be affected by 
radiant heat ; for warm water excites energetic move- 
ment. When a gland of Drosera, or one of the fila- 
ments of Dioniea, is excited, the motor impulse radiates 
in all directions, and is not, as in the case of animals, 
directed towards special points or organs. This holds 
good even in the case of Drosera when some exciting 
substance has been placed at two points on the disc, 
and when the tentacles all round are inflected with 
marvellous precision towards the two points-f^Tha 
rate at which the motor impulse is transmitted, though 1 
rapid in Diona^a, is much slower than in most or all J 
animals. This fact, as well as that of the mototJ 
impulse not being specially directed to certain points^ J 
are both no doubt due to the absence of nerves.^Nevejy J 
tbeless we perhaps see the prefigurement of the fonn»>] 
tion of nerves in animals in the transmission of th^l 
motor impulse being so much more rapid down thdT 
confined space within the tentafles of Drosera than 1 
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elsewhere, and somewhat more rapid in a longitudinal 
than in a transverse direction across the disc. These 
plants exhibit still more plainly their inferiority to 
animals in the absence of any reflex action, except in 
so far as the glands of Drosera, when excited from a 
distance, send back some influence which causes the 
contents of the cells to become aggregated down to the 
bases of the tentacles. But the greatest inferiority of 
all is the absence of a central organ, able to receive 
impressions from all points, to transmit their effects 
in any definite direction, to stors ttem up and repro- 
duce them. 
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PoiOClCILA. 

P('iip«i*<T/in riiJgnris — Ptrncture of leavea — Number of insectB awl 1 
other objeota oaugW — Movemeiit of tlia nmrgiiifl of the leavea — 
Dsea of tlila movement — Bearetion, digeatioo, and nbsorption — 
Action of the Beoretion on yoiiouB aniaial and vegotable subgtunoes 
— The effects of subetanoea not onatawla^ soluble nitro^nous 
nuLttor on the glands — Pi/tgaieida grandijlora — PtTigtiiaila JKtf ^ 
t-mira, catches iuseots — Moveiociit of tbe leaves, i 
digestion. 

PiMGUiouLA VDLQARIB. — This plant grows in mois 
places, generally on mountainB. It bears on an averagi 
eight, rather thick, oblong, light green leayea, h 
scarcely any footstalk. A full-sized leaf is about IJ 
inch in length and ^ inch in breadth. The yonng 
central leaves are deeply concave, and project upwai-da ; 
the older ones towards the outside are flat or c 
and lie close to the ground, forming a rosette 
from 3 to 4 inches in diameter. The margins of i 
leaves are incurved. Their upper surfaces are thickly 
covered with two sets of glandular hairs, differing in 
the size of the glands and in the length of their 
pedicels. The larger glands have a circular outline as 
seen from above, and are of moderate thickness ; they 
are divided by radiating partitions into sixteen cells, 
containing light-green, homogeneous fluid. They are 
supported on elongated, unicellular pedicels (contain- 
ing a nucleus with a nucleolus) which rest on slight 
prominences. The small glands differ only in being 
formed of about half the number of cells, containing 
much paler fluid, and supported on much shorter pedi- 
cels. Near the midrib, towards the base of the leaf, the ■ 
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pedicels are mnlticellular, are longer than elsewLere, 
and bear smaller glands. All the glands secrete a 
colourlesa fluid, which is so viscid that I have seen a 
fine thread drawn out to a length of IS inches; but 
the fluid in this case was secreted by a gland which 
had been excited. The edge of the leaf is translucent, 
aud does not bear any glands ; and here the spiral 
vessels, proceeding irom the midrib, terminate in cells 
marked by a spiral line, somewhat like those within 
the glands of Droaera. 

The roots are short. Three plants were dug up in 
North Wales on June 20, and carefully washed; 
each bore five or six unbranched roots, the longest of 
which was only 1'2 of an bioh. Two rather young 
plants were examined on September 28 ; these had a 
greater number of roots, namely eight and eighteen, 
all under 1 inch in length, and very little branched. 

I was led to investigate the habits of this plant by 
being told by Mr. W. Marshall that on the mountains 
of Cumberland naany insects adhere to the leaves. 



A friend sent me on June 23 thirty-nino leaves from North 
Wales, which were feleeted owing to objects of eoiae kind ad- 
hering to them. Of these leaves, thirtj-tn'o had caught 142 
insects, or on an average i'l per leaf, minute fmgmeuts of 
insects not heing included. Besides the insects, small leaves 
belonging to four different IdndBof planta, those of Krka telraliis 
being much the commoceat, and three minute seedling plants, 
hlown bj the wind, adhered to nineteen of the leaves. One had 
taught 83 maJiy as ten leaves of the Erica. Seeds or fruits, 
'-ommonly of Carez and one of Jnncus, besides bits of moss 
iind other rubbish, likewise adhered to six of the thirty-nine 
luiires. The some friend, on June 27, collected nine pknta 
lii;;icing seventy-four leaves, and all of these, with the eiception ' 
111 three young Ifaves, had caught insects; thirty insecte were 
I'liunted on one leaf, eighteen on it second, and sixteen on a third, 
^linllier friend examined on August 22 some plants in Donegal, 
Lieiaud, and found insects on 70 out of 167 ieaves; fifteen of 



PINGOICDLA VULGARIB, 



Chap. XVO 



870 

these leaveB wore sent ihb, each liaving caught on an ayerHce 
insects. To nine of them, leavoa (mostly of Eiiai letiolix.) ad- 
hered; but the; hod been BpeviallfEelected on this latter flccount, 
I may add that early in August my son found leaves of this same 
£rica and the fruits of a Carez on the leav^ of a Fiugiiicala 
in SwitzerhLnd, probably Pht;/uK'ilu ix/iiitia ; some insectB, hut do 
groat number, also adhered to the leaves of tills plant, which 
had much betfer developed roots thau thope of Pinn'iimJa ii"i- 
garU. In Cumberland, Mr. Marshall, on September '6, caMfnlly 
examined for me leu plants bearing eighty leaves ; and on eizty- 
thieo of these (i.e. on 79 per cent.) he found insects, 143 in 
number ; so that each leof had on an average 2-27 insects. A 
few days later he sent me some plants with sixteen seeds or 
fruits adhering (o fourteen leaves. There was a seed on three 
leaves on the Ramc plant. The sixteen seeds belonged to nine 
different kinds, which could not be recognised, excepting one 
of Bauuncnlus, and several belonging to three or four distinct 
species of CaJex. It appears that fewer insects are caught late 
in the year than earlier; thus in Cuuiberlanii from twenty to 
twenty-four insects were observed in the middle of July on 
several leaves, whereas in the beginning of September the 
average number was only 2-27. Most of the iusecls, in all the 
foregoing cases, wore Diptera, but with many minute Hjme- 
ncptera, including some ants, a few small Culeoptera, larvn^ 
spiders, and even small motbs. 

We thiia see tbat numerous insects and other objects 
are caught by the viscid leaves ; but we have no right 
to infer from this fact that the habPt is beneficial to 
the plant, any more than in the before given case «f 
the MirabilJa, or of the horse-chestnut. But it will pr&- 
seutly be seen that dead insects and other nitrogeaions 
bodies excite the glands to increased secretion; and 
that the secretion then becomes acid and has the 
power of digesting animal substances, such as albtimen, 
fibrin, &c. Moreover, the dissolved nitrogenous matter 
is absorbed by the glands, as shown by their limpid 
contents being aggregated into slowly moving gra- 
nular masses of protoplasm. The same results folloir 
when insects are naturally captured, and as the plant 
livfs in poor soil and has small roots, there can be 
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doubt that it profits by its power of digesting and 
absorbing matter from the prey which it habitually cap- 
tures iu aiioh large numbers. It will, however, be non- 
venient first to describe the movements of the leaves. 

Movements of ike Leaves, — That such thick, large leaves 
as those of Pinguicula vulgaris should have the power 
of curving inwards when excited has never even been 
suspected. It is necessary to select for experiment 
leaves with their glands secreting freely, and which 
have been prevented from capttiring many insects ; aa 
old leaves, at least those growing in a state of nature, 
have their margins already curled so much inwards 
that they exhibit little power of movement, or move 
very slowly. I will first give in detail the more 
important experiments which were tried, and then 
make some concluding remarks. 

Expfrimt-nt 1, — A young and almost upright leaf was selected, 
wit.h its two lateral edges equally and very elightly inem-ved. 
A ruw of pniall flits waa placed along one 
margin. When looked at next day, after 
15 hrs., thia tnorgin, but not tbe other, was 
found folded inwards, lilte the helix of the 
human ear, to the breadth of ^ of an 
inch, BO as to lie partly over the row of 
flies ((ig. IS). The glands on which the 
flies rested, as well as those on the over- 
lapping mai^n which had bettn brought 
into contact with the flies, were all secreting 
copiously. 

AijKTi'menf 2.— A row of flies was placed 
on one margin of a rather old leaf, which 
laf flat on the ground; and in this ca^e 
the margin, after the same interval as ba- 
foro, namely 15 hrs., had only just begun f'°- "■ 

to curl inwards ; but so much secretion C^'"^"'"'" ruigam,-) 
had been poured forth that the spoon- inii'gin"%°ilrrt(ii"¥Bi * 
ehaped tip of the leaf was filled with it. "" of aniaii flies. 

Exp^riviei.l 3. — Fragments of a large fly were placed closo to 
the apex of a vigorous leaf, as well as along half one niaigin. 
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Aft«r 4 hra. 20 m. there waa decided incurvatiol), which i 
creased a little during the afternoon, but was in the same state 
on the following morning. Near the apex both nar^^iiB were 
inwardly curved. I have never eeen a case of the apoi itself 
being in the least curved towards the base of the leaf. After 
48 hi'B. (alwaya reckoning from the time when the flies wera 
placed on the leaf) the margin had everywhere begnn fo unfold. 

Expeiiiifnt 4. — A large fragment of a fly was placed on a leat 
in a medial line, a little beneath the apex. Both lateral maiv 
gins wore perceptibly incurved in S his., and after 4 hra, 20 m. 
to Guch a degree that the fragment was clasped by both margiiis. 
After 24 hrs. the two infolded edges near the apex (for the lower 
part of the leaf waa not at all afiected) were measured and 
found to be "ll of an inch (271)5 mm.) apart. The fly was now 
removed, and a stream of water poured over the leaf so aa to 
wash the aurface ; and after 24 hra. the margins were "25 of aa 
inch(6'349 mm. ^ apart, so that they were largely unfolded, 
an additional 24 hrs. they were completely unfolded. Anolhe 
fly was now pat on the same spot to eee whether thia Ii 
which the first fly had been left 24 hrs., would move ; _ 
after 10 hrs. there was a trace of incurvation, but thia did not 
increase during the nest 24 hra. A bit of meat was also placed 
on the margin of a leaf, which four days previousij had become 
Btrongly inuurved over a fragment of a fly and had afterwaidt 
re-espanded ; but the meat did not cause even a trace of ii '" 
vation. On the contrary, tlie margin liecame aomewhat reflexsd 
as if injured, and so remained for the three following doys, I 
long as it was observed. 

jLipnitiunl 5.— A large fragment of a fly waa placed hiilfwi 
between the apex and baae of a leaf and halfway betwee 
midrib and one margin. A short space of this margin, op 
the fly, showed a trace of incurvation after 3 hrs., and I 
became strongly pronounced in 7 bra. After 24 hrs. the in 
edge waa only -16 of aa inch (i-QfH mm.) from the i 
The margin now began to unfold, thoufih the fly waa left 
leaf; so that by the next morning (i.e. 48 hrs from the t 
when the fly was first put on) the infolded edge had Almost 
completely recovered its original position, beinc now '3 of an 
inch (7'62 mm.), instead of -16 of an inch, from the midrib,- 
A trace of flexure was, however, still visible. 

Exp'rimriit B. — A young and concave leaf was selected t 
its margins slightly and naturally incurved. Two rather iar 
oblODg, rectangular pieces of roant meat were placed with tl 
ends l4>uching the infolded edge, and '40 of an inch (11*68 mnLVi 
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ajiart frcini ono auother. After 2i hie. the margiii was grently 
and equally incnrvod (see fig. 16) throughout this epnoe, and for 
a length of 12 or -13 of an inch (3-0i8 or 3'302 mm.) above hiiiJ 
below each bit; so that the margin hod been afibcted over n 
greater length between thfi two bits, owing to their coujuiiit 
action, than beyond them. The bits of mtat were too litrge In 
be clasped by tiie margin, but they were tilted up, one of theiu kh 
aa to stand almost Ttrticftlly. After 48 hrs. 
the margin was almost unfolded, and the 
bite had sunk down. When again exa- 
mined after two days, the margin was quite 
unfolded, with the exception of the natu- 
rally inflected edge; and one of the bits 
of moat, the end of which had at iirst 
touched the edge, was now '067 of an inch 
(170 mm.) distant from it; so that this 
bit had lieen pushed thus far across the 
blade of the leaf. 

Experimenl 7.— A hit of meat was placed 
close to the incurved edge of a rather young 
leaf, and after it had. r&-expandt^, the bit 
WHS left lying ll of an inch {ii'796 mm.) 
from the edge. The distance from the edge j.„ ,g^ 

to the midiib of the fully expanded leaf {pinguievia vtdfarU.I 
was "35 of an inch (8'89 mm.); bo that the OiuinE <d ie«f. wuh 
bit had been pushed inwarde and acr 
nrarly one-third of its eemi-diameter. 

Kx/jeiimmit 8.— Cubes of sponge, soaked in a strong infusion 
of raw meat, were placed in close contact with the incurred 
edges of two leaves,— an older aiid younger one. The distanca 
from the edges to the midribs was carefully measured. After 
1 hr. 17 m. tliere appeared to be a trace of incurvation. After 
S hrs. 17 m. both leaves were plainly inflected ; the distance 
between the edges and midribs being now only half what it was 
at first. The incurvation increased slightly during the next 
41 hrs., but remained nearly the same for the next 17 hrs. 30 m. 
In 35 hrs. from the time when the sponges were placed on the 
leaves, the margins were a little unfolded — to a greater degree 
in the younger than in the older leaf. The latter was not quite 
unfolded unlil the third day, and now both bits of sponge were 
left at the distance of "1 of an inch {2-54 mm.) from the edges ; 
or about a quarter of the distance between the edge and midrib, 
A third bit of sponge adhered to the edge, and, as the margiti 
nnfoidod, waa dragged backwarda, into its original position. 




374 



PINGCICDLA VULGAKIS. 



OuAP. XVL 



Experim'nf 9. — A chain of fibres of roaat moat, as thin as 
briBtli* und maiBti'ned with aftlivft, were placed down one whole 
Bide, close to the narrow, naturally incurved edps of n leaf. 
]n 3 hi's. this wdi* was greatly incurved along its whole length, 
and after h hre. formed a cylinder, about ^^ of an inch (1*27 
mm.) in diameter, qiiit« cotioealirig the meat. This cylinder 
remained closed for 32 hrs., but after i6 hrs, wns half unfolded, 
and in 72 hrs. was as open as the opposite margin where no 
nio*t had been placed. As the thin fibres of meat were cc 
pletely OTerlapped by the margin, they were not pushed at 
inwards, across the blade. 

Experiment 10. — Six CAbbage seedx, soaked for a night 
water, were placed in a row close to the narrow inaorved edge 
a leaf. We shall hereafter Gee that these eoeds yield soluble 
matter to the glands. In 2 hrs. 25 to. the margin was decidedly 
inflected ; in 4 hrn. it extended over the seeds for about baU 
their breadth, and in 7 hrs. over thrte- fourths of their breadth, 
forming a cylinder not quite eloae'l along the inner side, and 
nliout -7 of an inch (1778 mm.) in diameter. After 24 hrs, 
the inflection had not increased, perhaps had decreased. The 
glands which had been brought into contact with the upper 
surfaces of the seeds were now secreting freely. In 36 hra. 
from the time when the seeds were put on the leaf the maigin 
had greatly, and after 43 hrs. had completely, re-espanded. 
As the seeds were no longer held by the inflected mai^n, and! 
as the secretion was beginning to fail, they rolled some wi 
down the marginal channel. 

E Tierioimt 11. — Fragments of glass were placed on th» 
margins of two fine young leaves. After 2 hrs. 30 
margin of one certainly became slightly incurved; but the 
inflection never increased, and disappeared in IG hrs. 30 m. 
from the time when the fragments were first applied. With the 
second leaf there was a trace of incurvation in 2 hrs, 15 nL, 
which tiecame decided in 4 hrs. 30 m,, and stiU more strongly 
pronounced in 7 hrs., but after 19 hrs. 30 ra. had plaiuly 
decreased. The fragments excited ai most a slight and donbtfol 
incruaRe of the secretion; and in two other trials, no inei 
could be perceived. Bits of coal-cinders, placed on a leaf, pi 
doced no effect, either owing to their lightness or to the li 
being torpid. 

i:xi.f'imei,i 12.— We will now turn to fluids. A row of di 
of a strong infusion of raw meat were placed a'ong the 
of two leaves; squares of sponge soaked in the same infusit 
being placed on the opposite margins. My object w 
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tain whether a. fluid would act as energctjcolly as a eabslanca 
yielding the same soluble matter to the glnnda. No distinot 
differonce wna perceptihlo ; certainly none in the degree of in- 
cnrration ; hut the incurvation round the bits of sponge lasted 
rather longer, as might perhaps have been expected from the 
Bponge reuiainiug damp and supplying nitrogenous matter for a 
longer time. Tlie margins, with the drops, became plainly 
incurved in 2hrs. 17 m. The incurration suljaequentijincreastd 
somewhat, but after 24 hrs. had greatly decreftsed. 

Ex/ieriment 13.— Drops of the same Btroiig infusion of mw 
meat were placed along the midrib of a young and rather decniy 
eoncaTS leafL The distance across the broadest part of the leaf, 
between the naturally incurved edges, was "55 of an inch (13'97 
mm.). In iJ hrs. 27 m. this distance was a trace less ; in 6 hrs. 
27 m. it was exactly '45 of an inch (11-43 mm.), and had therefore 
decreased by '1 of an inch (2'J>t lani.). After only 10 hrs. 37 m, 
the margia began to re-expand, for the distance from edge to 
edge was now a trace wider, and afler 21 hrs. 20 m. was as 
great, within a hair's breadth, as when the drops were first 
placed on the leaf. From this experiment we learn that the 
motor impulse can be transmitted to a distance of -22 of an 
inch (5590 mm.) in a tranEverse direction from the midrib to 
both margins; but it would be safer to say '2 of an inch 
(5-08 mm.), as the drops spread a little beyond the midriK 
The incurvation thus caused lasttid for an unusually short time. 

Etcpitimeid 14.— Three drops of a solution of one part of 
carbonate of ammonia to 218 of water (2 grs. to 1 oz.) were 
placed on the margin of a leaf. Those excited k> much secretion 
that in 1 h. 22 m. all three drops ran together; but although the 
leaf waa observed for 24 hrs., there was no trace of inflection. 
We know that a rather sti\>ng solution of this salt, though it 
does not injure the leaves of Drosera, paralyses their power of 
movement, and I have no doubt, from the following case, that 
this holds good with Piuguicula. 

EaperiTntnt 15.— A row of drops of a solution of one part ol 
carbonate of ammonia to 875 of water (1 gr. to 2 oz.) was placed 
on tlie margin of a leaf. In 1 hr. there was apparently some 
slight incurvation, and this was well marked in 3 hrs. itO m. 
After 24 hrs, the margin was almost completely re-eipauded. 

iLici'eiiiiieiit 16.— A row of large drops of n solution of one 
part of phosphate of ammonia to 437ii of water (I gr. to 10 oz.) 
was placed along the margin of a leaf. No effect was produced, 
and aftt-r 8 hrs. i^esh drops were added along the same margin 
■ffithout the least effect. We know that a solution of this 
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slTength aetfi ptwerfnlly on Drosora. and it is just possible that 
thn solution vaa too strong. I regrut tliat I did not try a. weaker 
solution. 

Exparitnent 17. — As the proBRure from I'its of glass eannes 
incurvation, I scratched the margins of two leates tor Bome 
minut«B with a blunt needle, but no effect was produced. The 
Kiirfoce of a leaf beneath ft drop of a strong infusion of raw 
meat was also rubbed for 10. m, with the end of a bristle, 
sn aa to imitate the struggiea of a captured insect ; bu1 
part of the margin did not bend sooner than the other 
with undistutbed drops of the infusion. 



We learn from the foregoing experiments that the 
margins of the leaves curl inwards when excited by 
the mere pressure of ohjects not yielding any soluble 
matter, by objects yielding such matter, and by some 
fluids — namely an infusion of raw meat and a weak 
solution of carbonate of ammonia. A stronger solu- 
tion of two grains of this salt to an ounce of water, 
though exciting copious secretion, paralyses the leaf. 
Drops of water and of a solution of sugar or gum did not 
cause any moyement. Seratching the surface of the 
leaf for some minutes produced no effect. Therefore, 
as far as we at present know, only two causes- — namely 
slight continued pressure and the absorption of nitro- 
genous matter — excite movement. It is only the 
margins of the leaf which bend, for the apex never 
curves towards the base. The pedicels of the glan- 
dular hairs have no power of movement. I observed 
on several occasions that the surface of the leaf be- 
came slightly concave where bits of meat or lai 
flies had long lain, but this may have been due 
injury from over-stimulation. 

The shortest time in which plainly marked mo^ 
ment was observed was 2 hrs. 17 m., and this occurredi 
when eitlier nitrogenous substances or fluids wCTfl', 
placed on the leaves; but I beliiive that i: 
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there was a trace of movement in 1 hr. or 1 hr. 30 m. 
The preeaure from fragments of glass excites move- 
ment almost as quickly as the absorption of nitro- 
genous matter, but the degree of incurvation thus 
caused is much less. After a leaf has become well 
incurved and has again expanded, it will not soon 
answer to a fresh stimulus. The margin was affected 
longitudinally, upwards or downwards, for a distance of 
"13 of an inch (3'302 mm.) from an excited point, but 
for a distance of '46 of an inch between two excited 
points, and transversely for a distance of *2 of an 
inch {5'08 nun.). The motor impulse is not accom- 
panied, as in the case of Drosem, by any influence 
causing increased secretion ; for when a single gland 
was strongly stimulated and secreted copiously, the 
surrounding glands were not in the least affected. 
The incurvation of the margin is independent of in- 
creased secretion, for fragments of glass cause little 
or no secretion, and yet excite movement ; whereas 
a strong solution of carbonate of ammonia quickly 
excites copious secretion, but no movement. 

One of the most curious facts with respect to the 
movement of the leaves is the short time during which 
they remain incurved, although the exciting object is 
left on them. In the majority of eases there was well- 
marked re-expansion within 24 hrs. from the time 
when even large pieces of meat, &c., were placed on 
the leaves, and in all cases within 48 hrs. In one 
instance the margin of a leaf remained for 32 hrs, 
closely inflected round thin fibres of meat ; in another 
instance, when a bit of sponge, soaked in a strong in- 
fusion of raw meat, had been applied to a leaf, the 
margin began to unfold in 35 hrs. Fragments of glass 
Veep the margin incurved for a shorter time than do 
nitrogenous bodies ; for in the former case there waa 
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I re-expansion in 16 hrs. 30 m. Nitrogt 
fluids act for a shorter time than nitnigenous sub- 
stances ; thus, when drops of an infusion of raw meat 
were placed on the midrib of a leaf, the incurred 
margins began to unfold in only 10 hrs. 37 m., and 
this was the quickest act of re-cxpanaion observed by 
me ; but it may have been partly due to the distance, 
of the margins from the midrib where the drops lay. 

We are naturally led to inquire what is the use of-' 
this movement which lasts for so short a time ? If 
very small objects, such as fibres of meat, or moderately 
small objects, such as little flies or cabbage-seeds, are 
placed close to the margin, they are either completely 
or partially embraced by it. The glands of the over- 
lapping margin are thus brought into contact with 
such objects and pour forth their secretion, afterwards 
absorbing the digested matter. But as the incurvation 
lasts for so short a time, any such benefit can be of 
only slight importance, yet perhaps greater than at 
first appears. The plant lives in hiunid districts, and 
the insects which adhere to all parts of the leaf are 
washed by every heavy shower of rain into the narrow 
channel formed by the naturally incurved edges. Fop 
instance, my friend in North Wales placed several 
insects on some leaves, and two days afterwards (there 
having been heavy rain in the interval) found some of' 
them quite washed away, and many others safely 
tucked under the now closely inflected margins, th©. 
glands of which all round the insects wore no doubt' 
secreting. We can thus, also, understand how it ia^ 
that so many insects, and fragments of insects, aro' 
generally found lying wiihin the incurved margintfj 
of the leaves. 

The incurvation of the margin, due to the presenc^; 
of an exciting object, must be serviceable in anothet 
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and probably more important way. We have seen 
that when large bits uf meat, or of BpoDge soaked 
in the juice of meat, were placed on a leaf, the margin 
was not able to embrace them, but, as it beeomt 
incurved, pushed them very slowly towards the middle 
of the leaf, to a distance from the outside of fuUj 
"1 of an inch (2-54 mm.), that is, across between 
one-third and one-fourth of the space between the 
edge and midrib. Any object, such as a moderately 
sized insect, would thus be brought slowly into contact 
with a far larger number of glands, inducing much 
more secretion and absorption, than would otherwise 
have been the case. That this would be highly ser- 
viceable to the plant, we may infer from the fact that 
Droaera has acquired highly developed powers of move- 
ment, merely for the sake of bringing aU its glands 
into contact with captured insects. So again, after 
a leaf of Dioniea has caught an insect, the slow 
pressing together of the two lobes serves merely to 
bring the glands on both sides into contact with it, 
causing also the secretion charged with animal matter 
to spread by capillary attraction over the whole sur- 
face. In the case of Pinguicula, as soon as an insect 
has been pushed for some little distance towards the 
midrib, immediate re-expansion would be beneficial, as 
the margins could not capture fresh prey until they 
were unfolded. The service rendered by this pushing 
action, as well as that from the marginal glands being 
brought into contact for a short time with the upper 
Buriaces of minute captured insects, may jierhajis 
account for the peculiar movements of the leaves; 
otherwise, we must look at these movements as a 
remnant of a more highly developed power formerly 
possessed by the progenitors of the genus. 

In the four British species, and, as I hear from 
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Prof. Dyer, in moat or all the species of the { 
tlie edges of the leaves are in some degree naturallj^ 
and permimently incurved. This inciirvation 6 
BB already shofra, to prevent insects from beingj 
washed away by the rain ; but it likewise serves : 
another end. When a immber of glands have be 
{tuwerfully excited by bits of meatj insects, or any othep^ 
stimulus, the secretion often trickles down the leai^.l 
and is caught by the incurved edges, instead of rolling J 
off and being lost. As it runs down the channel, fresh 
glands are able to absorb the animal matter held in 
solution. Moreover, the secretion often collects in 
little pools within the channel, or in the spoon-like 
tips of the leaves ; and I asccrtniued that bits of albu- 
.men, fibrin, and gluten, are here dissolved more 
quickly and completely than on the surface of the 
leaf, where the secretion cannot accumulate; and 80 
it would be with naturally caught insects. The secr©^ j 
tion was repeatedly seen thus to collect on the leaves I 
of plant* protected from the rain ; and with exposed I 
plants there would be atill greater need of some pro- j 
vision to prevent, as far as possible, the secretion, with J 
its dissolved animal matter, being wholly lost. 

It has already been remarked that plants growing J 
in a state of nature have the margins of their leaves j 
much more strongly incurved than those grown in I 
pots and prevented from catching many insects. W©" I 
have seen that insects washed down by the rain from ' 
all parts of the leaf often lodge within the margins, 
which are thus excited to curl fiirther inwards ; and 
we may suspect that this action, many times repeated 
during the life of the plant, leads t« their permanent- 
and well-marked incurvation. I regret that this view I 
did not occur to me in time to test its truth. 

It may here be added, though not immediately ' 
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bcsaring; on our subject, tliat when a plant ia pulled 
up, tlie leaves immediately curl downwards so as 
almost to conceal the roots, — a fact which has been 
noticed by many peraona. I suppose that this is due 
to tho same tendency which causes the outer and older 
leaves to lie flat on the ground. It further appears 
that the flower-stalks are to a certain extent irritable, 
for Dr. Johnson states that they " bend backwards if 
rudely handled." " 

Searetion, Abaorplion, and Digestion. — I will first give 
my observations and experiments, and then a summary 
of the results, 



T/ie Effeota of Olj'eda conlaining Soluhk Kilrog<noui Mailer. 

(1) ^i>8 were placed on maaj lesves, and escited the glanda 
to secrete copiously ; the secretion always becoming acid, tliough 
not BO before. After a time these iQEectfi were rendeied so 
binder that their limbs and bodies conid be separated b; a 
mere touch, owing no doubt to the digestion and disint^rahVin 
of their muscles. The glands in contact with a small fly con- 
tinued to secrete for four days, and then became aJmost dry. 
A narrow strip of this leaf was cut off, and tho glands of tlie 
longer and ehortei hairs, which had lain iit contact for the 
four days with the fly, and those which had not touched it, 
were compared nndctr the microscope and presented a won- 
derful contrast Those which had been in contact were filled 
with brownish granular matter, the others with homogeneous 
fluid. There could therefore be no doubt that the former had 
absorbed matter from the fly, 

(2) Small bits of reast meat, placed on a leaf, always caused 
much acid secretion in the course of a few hours — in one case 
witliiu 40 m. When thin fibres of meat were laid along the 
margin of a leaf which stood almost upright, the secretion ran 
down to the ground. Angular bits of meat, placed in little 
pools of the secretion near the margin, were in the course of 



PIKGDICULA TDLGAHIS. 



CfliP. XT 



two or three (Ujs mnch reduced in size, ronnded, 
more or less colourless aiiJ tmnBparant, and so much softened 
that tlify fell to pie('.e8 on the sliglitest tfluch. In only one 
inatanca wus a very minute pftrticla completely dissolved, and 
this oi'cuired within 48 hrs. When only a sniall nmount of 
Be<?retion was exi^ilod, this was generally ahsorlied in from '2i hrs. 
to 48 hrK. ; the glands lieing left dry. But whun the supply ot 
sceretion wiw cojiious, round either a. single rather large hit of 
DiiiBt, or ronnd several small bitR, the glands did not hccoms 
dry nnlil six or seven days had ehipsed. Tbe most rapid 
of absorption observed liy roe was when a small drop of 
infusion of raw meat was placed on a leaf, for the glands h( 
became almost dry in 3 bra. 30 m. Glands escit«d by s 
partictex of meat, and which ha»e quickly absorbed Hieir 
Becretion, begin to secrcb: agaiu in the couise of seven or t 
days frotu the lime when the meat was given tlii;m. 

0) Three minute oiibes of tough crtilune from the leg-bona 
of a sheep were laid on a leaf. After 10 hrs. 30 m, some acid 
secretion was excited, but tbe cartilage appeared little or not at 
all affected. After Si hrs. the cubes were rounded and much 
reduced in size ; after 32 hrs. they were softened to the centre, 
and one was quite liiinelied; after 35 hrs. mere traces of solid 
cartilage were left ; and after 48 hrs. a trace could still be seen 
through a lens in only one of tlie three. Alter 8'2 hrs. not 
only were all three cubes completely liijiiefled, but all the secre- 
tion was absorbed and the glandu left dry. 

(4) Small cubes of alhrnn'-ii were placed on a leaf; in Sbre, 
feebly acid secretion extended to a dislaoce of nearly ^ of an 
inch ronnd them, and the angles of one cube were rounded. 
After 24 hrs. the angles of all the cutxs were rounded, and 
they were rendered throughout very tender; after 30 hrs. the 
eeerotion began to decrease, and after 48 hrs. the glands were 
left dry ; but very minute bits of albmueu were still left 
nndiNSolved. 

(5) Smaller cubes of albi'mev (about -jfe or ^ of an inohJ 
■60S or ■49H mm ) were placed on four glands ; alt. r la hra. 
yiilie was- completely dis!<olved, the others being much reduci 

in Kize, softeued, and transparent. After 24 hrs. two of : 
cubes were completely dissolved, and already the secretiwi 
these glands was almost wholly absorlwd. After 42 hrs. ' 
two other cubes were completely dissolved. These lour gland* 
began to secrete again after eight or nine days. 

(6) Twolargecube(jol.(iiumMi{fully j^jof aninch, l-27inni.yi 
were placed, one near the midrib and the other near the margiB 
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of a leaf ; in 6 hrs. there was mach aecretion, which after 48 hra. 
Hccnmiilated in b. little pool raand the cube near the margin. 
This cube was much moie diaaolved thaa that on the blodu of 
tlie leaf; so that after three days it was grai.t\y reduced in size, 
with all the angles rounded, hut it vas tuo large to be wholly 
diNBolved. The secretioii was partially absorbed after four days. 
Tl^e cube ou the blade was luuch [ena reduced, and the glands 
on wliich it rested began to dry after only two tUys. 

1^7) J^'ibriii excites lees secretion than does meat or albumen. 
Several trials were made, but I will give only three of them. 
Two minute shreds were placed on some glands, and iu 3 hrs. 
46 m, their secretion was plainly increased. The smaller shred 
of the two was completely liquefied in 6 his. 15 m., and the other 
in 24 hrs. ; but oven after iH hrs, a iew granules of tihrin could 
still be Keen through a lens floating in both dropn of secretion. 
After 66 hrs. 30 m. these granules were completely dissolved. 
A third shred was placed in a little pool of secretion, within 
the margin of a leaf where a eeed had been lying, and this 
was completely dissolved in the course of 15 hrs. 30 m. 

(B) Five very small bits of sUiteit wore placed on a leaf, and 
they escited so much secretion that one of the bits glided 
down into the marginal fnrrow. After a day all five hits seemed 
much reduced in size, but none were wholly dissolved. On the 
third day I pushed two of them, which had begnn to dry, on 
to fresh glands. On the fourth day undissolved traces of three 
out of the five bits could still be detected, the other two having 
quite disappeared; but I am doubtful whether they had really 
been completely dissolved. Two fresh bits were now placed, 
one near the middle and the other near the margin f an h 
leaf; both excited an extraordinary amount of seer ti ha 
near the margin had a little pool formed round i a d at. 
much more reduced in size than that on the blad bu a 
four days was not completely dissolved. Gluten b o e 
excites the glands greatly, but is dissolved with much d Ifi u 
exactly as in the case of Drosera. I regret that I did no y 
this substance after having been immersed in weak hydrochloiic 
acid, as it would thon probably have been quickly dissolved. 

(9) A small square thin piece of pure gdatint, moistened 
with water, was placed on a leaf, and excited very little secre- 
tion in 5 hrs. 30 m., but later in the day a greater amount. 
After 24 hrs. the whole square was completely liquefied; and 
this would not have occurred had it been left in water. The 
liquid was acid. 

(lOj Small particles of chemically prepared caeein excited 
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acid Becretion, *ut were not quite diEsolved after two days; and 
the glaiidu then ti^an to dry. Nor could their complete dis- 
Eolution have t>oeu expected from what we have eoen with 
Droserft. 

(11) Mjnnto drops of skimmed niM were placed onaleaf, and. 
these caased the glands to secrete freely. After 3 hrs. the milk 
was found curdled, and alter 23 hrs. the curde were dieeolved. 
On placing the now clear dtopa under the toictoscope, nothing 
•wuld be detected except Eorae oil- globules. The secretion, 
therefore, dissolves fresh casein. 

(12) Two fragments of a leaf were immereed ibr 17 hrs., 
each in a dra«hm of a solution of oirbonate of ammonia, of two 
Rtrengths, nwnelj of one part to 437 and 218 of water. Thff 
glands of the longer and shorter bfurs were then examined, and 
their contents found aggregated into granular matter of a 
brownish-green colour. Those granular masses were seen by 
in; son slowly to change their forms, and no doubt consisted of 
protoplasm. The aggregation was more strongly pronounced, 
and the movements of the protoplasm more rapid, within the 
glauds snbjected to the stronger solution than in the others. 
The experiment was repeated with the same result; and on 
thin occasion I observed that the protoplasm had shranli a Uttle 
from the walls of the single elongated cells forming the pedicels. 
In order to observe the process of aggregation, a narrow strip 
of leaf was laid edgewajB under the microscope, and the glands 
were seen to be quite tmnsparent ; a little of the stronger solu- 
tion (viz. one part to 218 of water) was now edded under the 
covering glass ; after an hour or two the glands contained very 
fine granular matter, which slowly become coarsely granular 
and slightly opaque; hut even after 5 hrs. not as yet of a 
browmsh tint. By this time a few rather large, transparent, 
globular masses appeared within the upper ends of the pedicels, 
and the protoplasm lining their walls had shrunk a little. It 
is thus evident that the glands of Pingnicula absorb carbonate 
of ammonia ; but they do not absorb it, or are not act«i on by 
it, nearly so quickly as those of Drosera, 

(13) Little masses of the orange -coloured pnUea of the 
common pea, placed on several leaves, excited the glands to 
secrete freely. Even a very few grains which accidentally fell 
on a single gland cansed the drop surrounding it to inoreaso so 
much in size, in 28 hrs., as lo be manifestly larger than the 
drops on the adjoining glands. Grains subjected to the secretion 
for 48 bra, did not emit their tubes ; they were quite di&- 
coloured, and seemed to contain less matter than before; that 
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which, was left being of a dirty colour, including globules of oiL 
They thus diSered in appearonoo from other graioH kept in 
water for the eame length of time. The glands in contact with 
the pollen-graine had evidently ahsorliod matter from Ihem ; for 
they had lost their natural pale-green tint, and contained aggre- 
gated globular masses of protojilasm. 

(14) Square bits of tbe learea of Bpinnch, cabbage, and a 
Baxi&age, and the entire leaves of Mrica tetralix, all excited the 
glands to increased secretion. The spinach was tlie most effec- 
tive, for it cnnaed the secretion evidently to increase in 1 hr. 
40 m,, and ultimately to run Bome way down the leaf; but the 

Q to dry, viz. after 33 hra. The leaves of EHcn 
telratiic began to act in 7 hra. 30 m., but never cansed much 
neoretion; nor did the bits of leaf of the sozifrage, though in 
this case the glands continued to secrete for seven days. Bome 
leaTes of Pinguiaula were sent me from North Wales, to which 
leayes of Eriea teiraiix and of an xmknown plant adhered ; and 
the glands in contact with them had their contents plainly 
aggregated, as if they had been in contact with insectfl; whilet 
the other glands on the same leaves contained only clear 
homogeneons flnid. 

(15) tieedt. — A contdderable number of seeds or frnits se- 
lected by hazard, some fresh and some a year old, eome soaked 
for a short time in water and soine not soaked, were tried. The 
ten following kinds, namely calibage, radish. Anemone nema- 
rom, Sumex aceloea, Carex sylvalica, mnetard, turnip, cross, 
Jianiitifulut aeris, and ^wno pubtieens, all eicited much Becrft- 
tion, whic'1 was in several cases tested and found always acid. 
Tbe five flrst^named seeds excited the glands more than the 
others. The secretion was seldom copious until about 24 bre. 
had elapeed, no doubt owing to the coats of the eeeds not being 
easily permeable. Nevertheless, cabbage seeds escited some 
Btwretion in 4 hrs. 30 m. ; and this increased so much in 18 bre, 
as to run down the leaves. The seeds or properly the fruite of 
Carei are mnch oftener found adhering to leaves in a stale of 
nature than those of any other genus ; and the fruits of Carex 
tylvuliea escited so much secretion that in 15 hrs. it ran into 
the incurved edges; hut the glands ceased to secrete after 
40 hrs. On tbe other hand, the glands on which the seeds 
of the Bumcx and Avena rested continued to eeorete for nine 
days. 

The nine following kinds of seeds excited only a slight 
amount of secretion, namely celery, parsnip, caraway, Linum 
grattdijlorum, Cassia, TH/ulium jiauno-iicum, Planiago, onion, 
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ufid Bromns. Most of these seedit did nut excite nn; Eecretii 
uutil 4ti hra. had elapsed, Rnd in the cime of the Trifoliiim 
one Bwd acted, und ihls not nntil the third dity. Altliou^h tha 
»eedB of the I taiilago eicited very little aecretion, the g'trnds 
cnnlinufd to iteerele for six dayn. LHEtly, the fira folliining 
kinds e^ic^ited no secrotinn, tUongh left on the leaves for two 
or throe days, namely lettuce, Arica tetniVr, Airlplex Imi knein, 
IhahiT'S uo'ai'teiin/i, and whe«t. Ncverthelees, when the seeds 
of the lettuce, wheat, and Atriplex were Bplit open and applied 
to leaves, secretion wae excited in considerable quitnljtf in 
10 hrs., and 1 believe that aome was eicited in six hows. In 
the cBMe of the Atriplex the Bccrttion ran ilown to the margin, 
and after 24 hrs. I Bpi'ak of it in my notes " as immenBe in 
qnintity an<l acid." The fplit aeeds also of the Trifolium and 
celer.v acted powerfully and qiuckJy, though the whole seeds 
caiiBcd, as we have seen, very little secretion, and only aPer k 
loni; internal of time. A lilice of the common pen. which how- 
ever was not trit-d whole, caused secretion in 2 hrs. From 
these facts we may conclude t)iat the great diffWreuce 
de|nee and mie at which various kinds of speds excito 
tion, is chiefly or wholly due to the different permeabiUl^i 
of (heir coals. 

Some thin slicoB of the caniraon pea, which had been pi 
TiOHSly soalred for 1 hr. in water, were placpd on 
quickly excited much neid Rccrotion. After 24 hrs. the^e slices 
were compnred under a high power with others left in water 
for the Fame time \ the latter contained so many fine granuleoi 
of Icgumin that the slide was rendered muddy; whereas the 
BliceH which had been subjocted to the secretion were much 
cleaner and more transparent, the granules of leiinmin appa- 
rently having been dissolved. A cahliago seed which had Iain 
for two days on a leaf and had eicited much acid secretiun, 
was cut into slices, and these were compared with those of 
a seed which had been left for the same time in water, Tboee 
snlgected to the secretion were of a paler colour; their coats 
pi'esenting the BTeatrBt tiiffernnces, for they were of a pale dirty 
tint instead of chestnnt^brown. The planjs on which tha 
cabbage seeds had n^Rted, as well as those halhed by the snr- 
Tonnding secretion, differed greatly in appearance from the other 
glands on the same leaf, for they all contained brownish granular 
matter, proving that they had absorbed matter from the seeds. 

That the secretion acts on the seeds was also shown by some 
of them being killed, or by the seedlings beii^ injured. Fourteffli 
cabbage seeds were left for three days on leaves and excited 
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much secretion; they were then placed on damp sand nnder 
conditions known to be favourable for gittrmination. Three 
nevor Eermimtted, and tliia wan a far larger projiortioii of deatliB 
than ocetirred with seeds of tho fame lot, which had tot been 
Bulijected to the secretion, but were otherwise treated in tiio 
eama manner. Of the eleven Reedlinga raised, three hod the 
edges of their cotyledons slightly browned, tis if ecnrched; and. 
the cotyledons of one grew into a curious indented shape. Two 
mustard seeds germinated ; but their cotyledons were marked 
with brown patches and Iheir radicles deformed. Of two radish 
seeds, neither germinated; whereasof many seeds of the same 
Jot not subjected to the secretion, all, esceptiiig one, germinated. 
Of the two Rumex seeds, one died and the other germinatiid ; 
but its radicle was brown a:id soon withered. Both seeds of llie 
Avena germinated, one grew well, the other hadita radicle brown 
and withered. Of six seeds of the Erica none germinated, and 
when cnt open after having been left for fine months on damp 
Band, one alone seemed alive. Twenty-two seeds of Ta,riou8 
kinds were found adhering to the leaves of plants growing in a 
stare of nntnre; and of these, though kept for five months on 
damp sand, none germinated, same being then evidently dead. 

The Electa of Ohjecti nut mniaininj Huliible Nitreijenoui Matter. 

(16) It has already been shown that bits of glass, placed on 
leaves, excite little or no secretion. The small amount which 
lay beneath the fragments was teei«d and found not acid. A 
bit of wood excited nn secretion; nor did the several kinds of 
seeds of which the coats are not permeable to the Becreiinn, and 
which, therefore, acted like inorganic bodies. Cubes of fat, left 
for two days on a leaf, produced no effect. 

(17) A particle of white siuiar, placed on a leaf, formed in 
1 hr. 10 m. a lat^ drop of fluid, which in the course of 2 
additional hours ran down into the naturally inflected margin. 
This fluid was not in the least acid, and began to ilry up, or 
more probably was absorbed, in 5 hrs. SO m. The experiment 
was repeat^'d ; particles being placed on a leaf, and others of 
[he Rame size on a slip of glass in a moistened state ; both beins 
covered by a bell-glass. This waa done to see whether the 
increased amount of fluid on the leaves could be due to mere 
ieliquoscence ; but this was proved not to l>e the case. The 
purticle on the leaf caused so much secretion that in the course 
of 4 his. it ran dawn acro;S two-thirds of the leaf. After t! hrs. 
the leaf, which was concave, was actually filled with very viscid 
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fluid ; and it particnlarlir deserveB notice that this, aa 
former occasinii, was not in the least acid. This groat amouDt 
of secretion maj be attributed to excamoGe. The i;lAndB vhich 
had been covered for 24 lira, by this fluid did not differ, when 
examined nnder the microscope, from others on the eame leaf, 
which hod not como into contact with it. This is on interesting 
f^t in contraet with the invariattly afrgrcgated condition of 
glands which have been bathed by tlie secretioc, 'when holding 
animal matter in eolation. 

(18) Two particlea of gum arahie were placed on a leaf, and 
they cerlainlj cansed in 1 hr.20 m. a slight increase of secretion. 
Tbis coDtinuod to increase for the next 5 hra., that is for as 
ion^ a time as the leaf wa^ observed. 

(19) Six HHiali particles of dry nlarch of commerce were placed 
on n leaf, and one of these caused some secretion in 1 br. 15 m., 
and the others in from 8 hrs. to 9 hrs. The glands which had thua 
been excited to secrete soon became dry, and did not begin to 
ttccrete again \intil the elxth day. A larger hit of starch waa 
then placed on a leaf, and no secretion was excited in 6 hre. 
30 m.; bnt after 8 hrs. there was a considerable supply, which 
increased so mnch in 24 hrs. as to run down the leaf to the 
distance of J of an inch. This secretion, though so abundant, 
was not in the least acid. As it was bo copiously excited, 
and as seeds not rarely adhere to the leaves of natnrally 
frowing plants, it occurred to me that the glands niiKht 
perhaps have the power of secreting a ferment, like ptyaline, 
capable of dissolving starch ; so I carefully observed the abovs 
six small particles during several days, but they did net seem 
in the least reduced in bulk. A particle was also left for two 
days in a little pool of secretion, wliich had rua dovm from n 
piece of spinach leaf; bat although the particle was so minnte 
no diminution was perceptible. We may therefore conclads 
that the secretion cannot dissolve starch. The increase caosed 
by this substance may, I preeame, be attribated to exosmose. 
Eut I am surprised that starch acted so quickly and powerfoU; 
oa it did, thongh in a less degree than sugar. Colloids are known 
to possess some slight power of dialysis; and on placing the 
leaves of a Primula in water, and others in syrup and diSased 
starch, those in the starch became flaccid, bnt to a less degrea 
and at a much slower rate than the leaves in the Ryrup; those ia 
water remaining all the time crisp. 
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see that objects not containing soluble matter have 
little or no power of exciting the glands to secrete. 
Non -nitrogenous fluids, if dense, cause the glands to 
pour forth a large supply of viscid fluid, but this ia 
not in the least acid. On the other hand, the secre- 
tion from glands excited by contact with nitrogenous 
solids or liquids is invariably acid, and is so copious 
that it often runs down the leaves and collects 
within the naturally incurved margins. The secre- 
tion in this state has the power of quickly dissolving, 
that is of digesting, the muscles of insects, meat. 
cartilage, albumen, flbrin, gelatine, and casein as 
it exists in the curda of milk. The glands are 
Btrongly excited by chemically prepared casein and 
gluten ; but these aubstancea (the latter not having 
been soaked in weak hydrochloric acid) are only 
partially dissolved, as was likewise the case with 
Urosera. The secretion, when containing animal 
matter in solution, whether derived from solids 
01 from liquids, such as an infusion of raw meat, 
milk, or a weak solution of carbonate of ammonia, 
is quickly absorbed; and the glands, which were 
before limpid and of a greenish colour, become brownish 
and contain masses of aggregated granular matter. 
This matter, from its spontaneous movements, no doubt 
consists of protoplasm. No such effect is produced 
by the action of non-nitrogenous fluids. After the 
glands have been excited to secrete freely, they cease 
for a time to secrete, but begin again in the course ot 
A few days. 

Glands in contact with pollen, the leaves of other 
plants, and various kinds of seeds, pour forth much 
acid secretion, and afterwards absorb matter probably 
of an albuminous nature from them. Nor can the 
benefit thus derived be insignificant, for a considerable 
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amount of pollen must be tlown from the 
wintl-fertiliaed cancea, grasses, &c, growing where 
Pingiiicula lives, on lo the leaves thickly covered with 
viscid glaods and foiuing large rosettes. Even a few 
grains of pollen on a single gland causes it to 
secrete copiously. We have also seen how fre- 
quently the small leaves of Erica tetralix and of 
other plants, as well as various kinds of seeds and 
fruits, especially of Carex, adhere to the leaves. One 
leaf of the Pinguicula had caught ten of the little 
leaves of the Erica ; and three leaves on the same 
plant had each caught a seed. Seeds subjected 
to the action of the secretion are sometiniea killed, 
or the seedlings injured. We may, therefore, con- 
clude that Pinguicula vulgaris, with its small roots, 
is not only supported to a large extent by the extta^ 
ordinary number of insects which it habitually cap- 
tui-es, but likewise draws some nourishment from the 
pollen, leaves, and seeds of other plants which often 
adhere to its leaves. It is therefore partly a vegetabls;" 
as well as an animal feeder. 

PiNOCICDLA GRANDIFLOBA. 

This species is so closely allied to the last that it iilfl 
ranked by Dr. Hooker as a sub-species. It diffeis ' 
chiefly in the larger size of its leaves, and in the 
glandular hairs near the basal part of the midrib 
being longer. But it likewise difl'crs in constitution; 
I hear from Mr. Ralfa, who was so kind as to send 
me plants from Cornwall, that it grows in rathCT J 
difterent sites ; and Dr. Moore, of the Glasnevia ' 
Botanic Gardens, informs me that it is much more 
manageable under culture, growing freely and flower- 
ing annually; "vhilst Pinguicula vulgaris has to be 
renewed every year. Mr. Kalfs found numerous j 
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iusects and fragments of insects adhering to almost nil 
the leaves. These consisted chiefly of Diptera, with 
some Hymenoptera, Homoptera, Coleoptera, and a 
moth. On one leaf there were nine dead insects, 
besides a few still alive. He also observed a few truits 
of Carea! piiliearis, as well as the seeds of this same 
Pinguicula, adhering to tlie leaves, I tried only two 
experiments with this species ; firstly, a fly was placed 
near the margin of a leaf, and after 16 hra. tliia was 
foond well inflected. Secondly, several small flies were 
placed in a row along one margin of another leaf, and 
by the next morning this whole margin was carled 
inwards, exactly as in the caae of Finguicala. vulgaris. 

PlNOtllCULA LD9ITANICA. 

This species, of which living specimens were sent me 
by Mr. Rail's from Cornwall, is very distinct from the 
two foregoing ones. The leaves are rather smaller, 
much more transparent, and are marked with purple 
branching veins. The margins of the leaves are much 
more involuted; those of the older ones extending 
over a third of the space between the midrib and the 
outside. As in the two other species, the glandular 
hairs consist of longer and shorter ones, and have the 
same structure ; but the glands differ in being purple, 
and in often containing granular matter before they 
have been excited. In the lower part of the leaf, almost 
half the space on each side between the midrib and 
margin is destitute of glands ; these being replaced by 
long, rather stiflT, multicellular hairs, which intercross 
over the midrib. These hairs perhaps serve to prevent 
insects from settling on this part of the leaf, where 
there are no viscid glands by which they could be 
caught ; but it is hardly probable that they were 
developed for this purpose. The spiral vessels pro- 
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ceeding from the midrib terminate at the extreme 
margin of the leaf in spiral cells ; but these are not 
well developed as in the two preceding epeeies. The 
flower-pedunclea, sepnls, and petals, are studded with. 
glandular hairs, like those on the leaves. 

The leaves catch many small insects, which 
found chiefly beneath the involuted margins, probabl; 
washed there by the rain. The colour of the glands 
on which insects have long lain is changed, being 
either brownish or pale purple, mth their contents 
coarsely granular; so that they evidently absorb 
matter from their prey. Leaves of the Erica tetredia, 
flowers of a Galium, scales of grasses, &c, likewise 
adhered to some of the leaves. Several of the ex- 
periments which were tried on Pingidcula vulgaris were 
repeated on Pingmcvia lusitanioa, and these will now 
be given. 
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(1) A moiieralely sized and angular bit of tiJhnmen 
placed on one side of a leaf, halfway between the midrib 
the naturally involuted margin. In 2 hrs. 15 m. the gli 
poured forth much eecretion, and this side became i 
infolded than the opposite one. The inflection inereasei; 
and in 8 hra. 30 m. extended up almost to the apes. After 
24 hrs. the margin ubs rolled into a cylinder, the outer surface 
of which touched the blade of the leaf and reached to within 
the ^ of an inch of the midrib. After 48 hra. it began to 
unfold, and in 72 hra. was completely unfolded. The cube 
rounded and greatly reduced in sizo; the remainder being 

a Remi-liquefied stata 

(2) A moderately sized bit of aJhumen was placed nea 
apex of a leaf, under the naturally incurved mai^in. 
2 lirs. 30 m. much secretion was excited, and next mo 
the inai^ oa this eide was more incurved than the opposil 
one, but not to bo great a degree as in the last case. The 
unfolded at the same rate as before. A large proportion 
nlbumon was dissolyed, a remnant being still left. 

(31 Large bite of aiitiwien were laid in a row ori llie rtiidHTi 
of two leaves, but produced in the course of 24 hrs. 
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nor could this have been expected, for eveii Lad glonda 
existed hore, the long biistlea would taaTe pievented the 
albumen (rom coining in contact wiih tbem. On both leaves 
the bits were now pushed close to one margin, and in 3 hrs. 
30 m. this became eo greatl; inflected that the outer enrface 
touched the blade; the opposite margin not being in tlie leust 
affected. After three dajs the niarginG of both leaves with the 
albumen were etill as much inflected ee ever, and the gSands 
were Btili secreting copiously. With Pingukvla, vidgnrii I have 
nsTor Been inflection lasting bo long. 

(4J Two cuiiaje leids, after being soahed for an hour in water, 
were placed near the margin of a leaf, and caused in 3 hrs. 
20 m. increaaed secretion and incurvation. After 24 hrs. the 
leaf was partially nnfolded, but the glands were still secreting 
freely. These began to dry in 48 hre., and after 72 hre. were 
almost dry. The two seeds were then placed on damp sand 
under favourable conditions for growth; but they never ger- 
minated, and after a time were found rotten. They had no 
doubt been killed by the eecretion. 

(5) Small bits of a tpinach leaf caused in 1 hr. 20 m, 
increased secretion ; and after 3 hrs. 20 m. plain incurvation of 
the margin. The margin was well inflected after 9 his. 15 m., 
but after 24 hrs. was almost fully re-expanded. The gianda 
in contact with the spinach became dry in 72 hrs. Bits of 
albumen had been placed the day before on the opposite margin 
of this same leaf, as well as on that of a leaf with cabbage 
seeds, and these margins remained closely inflected for '^ hrs., 
showing how much more enduring is the effect of albumen than 
of spinach leaves or cabbage seeds. 

(C> A row of small fiagmettts qf ghsi was laid along one 
margin of a leaf; no effect was produced in 2 hrs. 10 m., but 
after 3 hrs. 25 m. there seemed to be a truce of inflection, and 
this was distinct, though not strongly marked, after 6 hrs. Tlie 
glands in contact with the bagments now secreted more freely 
than before; so that they appear to be more easily excited 
by the pressure of inorganic objects than are the glands of Pin- 
guicula vulyarin. The above slight inflection of the margin bad 
not increased after 24 hrs., and the glands were now beginning 
to dry. The surface of a leaf, near the midrib and towards 
the base, was rubbed and scratched for some time, but no 
movement ensued. The long hairs which are situated here 
were treated in the same manner, witli no effect. This latter 
trial was made because 1 thought that the hairs might perhaps 
bo sensitive to a touch, like the filaments of Dionaaa. 
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(7) The flower -pod tinclea, sepals and potalB, bear glands is 
geutraJ appearance like those on the leaves. A piece of a 
flu wer-p<x] uncle was therefore laft for 1 hr. in a eolution of 
one part of carbonate of amiUDiiia to 437 jf witer, and thlB 
caused tlie glands to change from bright pink to n dull 
purple colour; but their contents exhibited no distiuct aggre- 
gation. After 8 hrs. 30 m. they became colourless. Two minuto 
cubes of albumen were placed on the glauda of a flower- 
peduncle, and another culie on the glands of a sei^al; but they 
were not elicited to increased secretion, and the albumen 
after two days was not in the least softened. Hence these 
glands apparently differ greatly in function from those on the 



From the foregoing observations on Pinguteula Iva 
tuniea we see that the naturally "much incuiTed i 
gins of the leaves are excited to curve still farther in- 
wards by contact with organic and inorganic bodies ; 
that albumen, cabbage seeds, bits of spinaiih leaver 
and fragments of glass, cause the glands to secrete 
more freely ; — that albumen is dissolved by 
secretion, and cabbage seeds killed by it ; — and la: 
that matter is absorbed by the glands from the insects I 
which are caught in large numbers by the viscid 1 
secretion. The glands on the flower-peduncles seem J 
to have no such power. This species differs from Pt»> I 
ffuicala vulgarii and (frandiflora in the margins of the 1 
leaves, when excited by organic bodies, being inflected 
to a greater degree, and in the inflection lasting for a 
longer time. The glands, also, seem to be more easily 
excited to increased secretioc. by bodies not yielding 
soluble nitrogenous matter. In other respects, as fitf 
as my observations serve, all three species agree in 
their functional powers. 
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VttieaJnrvi wgletta — Structure of the bliulder — The uses of the seveml 
parts — Number of impriBOned auiniala ^ Manner of capture — 
The bladders cuUDOt di^t animal mutter, bat absorb the prodacts 
of its decaj' — Exporiments ou tbe absorption of certain fluids bjr 
the quadriM proceaaea — Absorption by the glands — gnnunary 
of the observiition on absorption — Bevelopment of tbe bladders — 
VtriailaTia wigarU — VlTiailaria minor — Vlriadarla Llaiuiettiaa. 

I WAS led to investigate the habits aud structure of 
the apeciea of this genus partly from their belonging 
to the aanie natural family as Pinguicula, but mor^ 
especially by Mr. Holland's statement, that " water 
insects are often found imprisoned in the bladders," 
which he suspects " are destined for the plant to feed 
on." " The plants irhich 1 first reeeiyed as Viricularia 
vulgaris from the New Forest in Hampshire and from 
Cornwall, and which I have chiefly worked on, have 
been determined by Dr. Hooker to be a very rare 
British species, the Vtrieularia negleda of Lebm.t I 
subsequently received the true Ulricularia vulgaris 
from Yorkshire. Since drawing up the following 
description from my own observations and those of my 
son, Francis Darwin, an important memoir by Prof. Cohn 



" The 'Quart. Mag. of the 
Hiph Wyoniiibe Nat, Hist. Poc,' 
July 18li8, p. 5. Delpino ('Ult. 
Osttervaz. sulla Dicopimin.,' &<i. 
imS lSil9, p. It!) aha quotes 
Crousn as having; fotinil (18il8} 
crustaceans within tho bludden 
of I'trieiiiaria tmlgaTii, 



t I am mnrh indebted to tho 
Eev. H. M, Wilkinson, of BUtera, 
for having' sent me several fine 
Iota of this epi'CtBs from tbe Nev 
Forest Mr. Kalfs nas alsosokind 
as to send mc living plants of tho 
BDjne dpeciES from neat Penzaucu 
in Cornwall. 
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on Utricularia iiulgaris has appeared ; " and it h 
no small satisfaction to me to find that my accoanU 
agrees almost completely with that of this distin 
guished observer. I will publish my descriptio 
it stood before reading that by Prof. Cohn, addi 
occasionally some stiitements on his authority. 




Vtrimlaria negleda. — The general appearance of a 
branch (about twice enlarged), with the pimiatifid learea 
bearing bladders, is represented in the above sketch 
(fig. 17). The leaves continually bifurcate, so that 
ft full-grown one terminates in from twenty to thirt/ \ 
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points. Each point is tipped by a short, straight 
bristle ; and slight notches on the sides of the 
leaves bear flimilar bristles. On both surfaces there 
are many small papillw, crowned with two hemi- 
spherical cells in close contact. The plants float 
near the surface of the water, and are quite destitute 
of rootSj even during the earliest period of growth.* 
They commonly inhabit, as more than one observer 
has remarked to me, remarkably foul ditches. 

The bladders offer the chief point of interest. 
There are often two or three on the same divided leaf, 
generally near the base ; though I have seen a single 
one growing from the stem. They are supported on 
short footstalks. When fully grown, they are nearly 
-r'y of an inch (2'54 mm.) in length. They ai'e trans- 
Incent, of a green colour, and the walls are formed 
of two layers of cells. The exterior cells are poly- 
gonal and rather large ; but at many of the points 
where the angles meet, there are smaller rounded cells. 
These latter support short conical projections, sur- 
mounted by two hemispherical cells in such close 
apposition that they appear united; but they often 
separate a little when immersed in certain fluids. The 
papiUffi thus formed are exactly like those on the 
surfaces of the leaves. Those on the same bladder 
vary much in size ; and there are a few, especially on 
very young bladders, which have an elliptical instead 
of a circular outline. The two terminal cells are 
transparent, but must hold much matter in solution, 
judging from the quantity coagulated by prolonged 
immersion in alcohol or ether. 
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* I infer that this i^ the cote 
from a ilra«iiig' of a geedliDg 
iriven by Dr. Warming in liia 
paper, " Bidrag til Kunckkahen 



am LentibnlariaceBe," from tha 
' VidtuHkubelige Medilelelner,' 
Copenhagen, 187*, Noa. 3-7, pp 
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The bladders aro filled with water. They generally,^ 
but by no meana always, contain bubbles of air. Ac- 
cording to the quantify of the contained water and 
air, they vary much in thickness, but are always some- 
what compressed. At an early stagje of growth, the 
flat or ventral surface faces the axis or stem ; hut the 
footstalks must have some power of movement ; for 
in plants kept in my greenhouse the ventral surfaca 
was generally turned either straight or obliquely 
downwards. The Eev. H. M. Wilkinson examined 
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plants for me in a state of nature, and found ' 
commonly to be the case, but the younger bladdentifl 
often bad their valves turned upwards. 

Tho general appearance of a bladder viewed late-.l 
rally, with the appendages on the near side alone I 
represented, is shown in the accompanying figuiQ,^ 
(fig. 18). The lower side, where the footstalk a 
nearly straight, and I have called it the ventral sui&ce. 
The other or dorsal surface is convex, and terminates 
in two lone prolongations, formed of several rows of 
itells, conffl'uing chlorophyll, and hearing, chiefly on 
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the outside six or seveu lung pointed multicellular 
bristles These pTolongationa of the bladder may be 
conveniently called tht, antvnnee tjr the whole bladder 
(see fig 17) curiously retif mblcs an cntomostracan crus- 
tacean the short footstalk representing the tail In 
fig 18 the near antenna alone la shown Beneath 
the two antennsB the end ji the bladder is sbghtly 
truncated and here is situated the moat important 
part of the whole structure namely the entrance and 
valve On ea^-h aide of the entrance frcm three to 
rarely seven long multioellular bristles project out 



• ^¥rt«K*i/'a; 




wards; but only those (four in number) on the near 
side are shown in the drawing. These bristles, to- 
gether with those borne by the antennas, form a sort 
of hollow cone surroimding the entrance. 

The valve slopes into the cavity of the bladder, or 
upwards in fig. 18. It is attached on all sides to 
the bladder, excepting by its posterior margin, or the 
lower one in fig. 19, which is free, and forms one side 
of the slit-like orifice leading into the bladder. This 
margin is sharp, thin, and smooth, and rests on the 
edge of a rim or collar, which dips deeply into the 
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bladdeij aa shown in the longitudinal section (fig, 205^" 
of the collar and valve ; it is also shown at a, in fig. 18. 
The edge of the valve can thus open only inwards. 
As both the valve and collar dip into the bladder, a 
hollow or depression is here formed, at the base c^ia 
which lies the slit-like orifice. 

The valve is colourless, highly transparent, flestble < 
and elastic. It is convex in a transverse direction, 
hut has been drawn (fig. 19) in a flattened state, by 
which ita apparent breadth is increased. It is formef' 
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according to Colm, of two layers of small cells, which 
are continuous with the two layers of larger cella 
forming the walls of the bladder, of which it is evi- 
dently a prolongation. Two pairs of transparent 
pointed bristles, about as long as the valve itself, 
arise from near the free posterior margin (fig. 18), 
and point obliquely outwards in the direction of the 
antennae. There are also on the surface of the valve 
ntimerous glands, as I will call them ; for they havo I 
the power of absorption, though I doubt whether 1 
they ever secrete. They consist of three kinds, whidi I 
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to a. certain extent graduate into one another. Thosu 
situated round the anterior margin of the valve (upper 
margin in fig. 19) aro very numerous and crowded 
together ; they consist of an oblong head on a long 
pedicel. The pedicel itself is formed of an elongated 
cell, surmounted by a short one. The glands towards 
the free posterior margin are much larger, few in 
number, and almost spherical, having short footstalks ; 
the head is formed by the confluence of two cells, the 
lower one answering to the short upper cell of the 
jiedicel of the oblong glands. The glands of the 
third kind have transversely elongated heads, and are 
seated on very short footstalks ; so that they stand 
parallel and close to the aurfiice of the valve ; they 
may be called the two-armed glands. The cells form- 
ing all these glands contain a nueleus, and are lined 
by a thin layer of more or less granular protoplasm, 
the primordial utricle of Mohl. They are filled with 
fiuid, which must hold much matter in solution, 
judging from the quantity coagulated after they have 
been long immersed in alcohol or ether. The depres- 
sion in which the valve lies is also lined with innu- 
merable glands; those at the sides having oblong 
heads and elongated pedicels, exactly like, the glands 
on the adjoining parts of the valve. 

The collar (called the peristome by Cohii) is evi- 
dently formed, like the valve, by an inward projection 
of the walls of the bladder. The cells composing the 
outer surface, or that facing the valve, have rather 
thick walls, are of a brownish colour, minute, very 
numerous, and elongated ; the lower ones being divided 
into two by vortical partitions. The whole presents a 
complex and elegant appearance. The cells forming 
the inner surface are continuous with those over the 
whole inner surface of the bhidder. Tho space be- 
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tweea the inner and outer enrface consists of coaree 
ceUular tissue (fig. 20). The inner side ia thickly 
covered with deliciite bifid processes, hereafter to be 
described. The collar is thus made thick ; and it ia 
rigid, so that it rutiiina the same outline whether the 
bladder contains little or much air and water. This 
is of great importance, as otherwise the thin and 
flexible valve would be liable to be distorted, and 
in this case would not act properly. 

Altogether the entrance into the bladder, formed by 
the transparent valve, with its four obliquely project- 
ing bristles, its numerous diversely shaped glands, 
surrounded by the collar, bearing glands on the 
inside and bristles on the outside, together with the 
bristles borne by the antennas, presents an extra- 
ordinarily complex appearance when viewed under 
the microscope. 

We will now consider the internal structure of th( 
blatlder. The whole inner surface, with the exceptioa' 
of the valve, is seen under a moderately high .power to 
be covered with a serried mass of processes (fig. 21). 
Each of these consists of four divergent arms ; whence 
their name of quadrifid processes. They arise irova 
small angular cells, at the junctions of the angles of 
the larger cells which form the interior of the 
bladder. The middle part of the upper surface of these 
small cells projects a little, and then contracts into a 
very short and narrow footstalk which bears the four 
arms (fig. 22). Of these, two are long, but often of not 
quite equal length, and project obliquely inwards and 
towards the posterior end of the bladder. The two 
others are much shorter, and project at a smaller angle, 
that is, are more nearly horizontal, and are directed 
towards the anterior end of the bladder. These arms 
are only moderately sharp ; they are composed of ex- 
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tremely thin transpareot membroiie, bo that tliey can 
be bent or doubled in any direction witliout being 
broken. They are lined with a delicate layer of proto- 
plasm, as is likewise the short conical projection from 
which they arise. Each arm generally (but not in- 
variably) contains a minute, faintly brown particle, 
either rounded or more commonly elongated, which 
exhibits incessant Erownian movements. These par- 
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ticlea slowly change their positions, and travel from 
one end to the other of the arms, but are commonly 
found near their bases. They are present in the quad- 
rifids of young bladders, when only about a third of 
their full size. They do not resemble ordinary nuclei, 
but I believe that they are nuclei in a modified con- 
dition, for when absent, I could occasionally just dis- 
tinguish in their places a delicate halo of matter, 
including a darker spot. Moreover, the quadrifids of 
Uirieviaria nwniana contain rather larger and nucb 
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more regularly spherical, but otherwise aimilar, j 
tides, which closely resemble the nuclei in the cella 
forming the walls of the bladders. In the present 
case there were sometimes two, three, or even more, 
nearly similar particles within a single arm ; but, as 
we shall hereafter see, the presence of more than 
ono seemed always to be connected with the absorptioi 
of decayed matter. 

The inner side of the collar (see the previous fig. 2 
is covered with several crowded rows of processes, d 
fering in no important respect from the qnadrifids, 
except in bearing only two arms instead of four ; they 
are, however, rather narrower and more delicate. I shall _ 
call them the bifida. They project into the bladdei 
and are directed towards its posterior end. The quft(' 
rifid and bifid processes no doubt are homologoiy 
with the papillre on the outside of the bladder an^ 
of the leaves; and we shall see that they are def 
veloped from closely similar papillse. 

TIte Uses of tlie aeveral Parte. — After the above londj 
but necessary description of the parts, we will tnm t 
their uses. The bladders have been supposed by somdl 
•lutboTS to serve as floats; but branches which bore 
no bladders, and others from which they had been 
removed, floated perfectly, owing to the air in the 
iotercellnlar spaces. Bladders containing dead and 
captured animals usually include bubbles of air, but 
these cannot have been generated solely by the pro- 
cess of decay, as I have often seen air in young, clet 
and empty bladders ; and some old bladders with l 
dec-aying matter had no bubbles. 

The real use of the bladders is to capture b 
aquatic animals, and this they do on a large scale, 
tlie first lot of plants, which I received from the 
I'orest early in July, a large proportion of the ; 
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grown bladders contained prey ; in a second lot, re- 
ceived in the beginning of August, moat of the 
bladders were empty, but plants had been selected, 
which had grown in unusually pure water. In the 
fii'st lot, my son examined seventeen bladders, in- 
cluding prey of some fcindj and eight of these con- 
tained entomostracan crustaceans, throe Ioiveb of in- 
sects, one being still alive, and six remnants of 
animals so much decayed that their nature could not 
be distinguished. I picked out five bladders which 
seemed very full, and found iu them four, five, eight, 
and ten crustaceans, and in the fifth a single much 
elongated larva. In five other bladders, selected from 
containing remains, but not appearing very full, there 
wore one, two, four, two, and iive crustaceans. A plant 
of Utricularia vulgaris, which bad been kept iu almost 
pure water, was placed by Cohn one evening into water 
swarming with crustaceans, and by the next morning 
most of the bladders contained these animals entrapped 
and swimming round and round their prisons. They 
remained alive for several days ; but at last perished, 
asphyxiated, as I suppose, by the oxygen in the water 
having been all consumed. Freshwater worms were 
also found by Cohn in some bladders. In all cases 
tbe bladders with decayed remains swarmed with 
living Algae of many kinds. Infusoria, and other low 
organisms, which evidently lived as intruders. 

Animals enter the bladders by bending inwards the 
posterior free edge of the valve, which fi'om being 
highly elastic shuts again instantly. As the edge i-i 
extremely thin, and fits closely against tbe edge of the 
collar, both projecting into the bladder (see section, 
fig, 20), it would evidently be very difficult for any 
animal to get out when once imprisoned, and apparently 
they never do escape. To show how closely the edge 
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fits, I may mention tliat my son found a Daplu 
whicn had inserted one of its antennce into the i' 
and it was thus held fast during a whole day. 
three or four occasions I have seen long narrow li 
hoth dead and alive, wedged between the comer ( 
the valve and collar, with half their bodies within t. 
bladder and hall' out. 

As I felt much difficulty in understanding how such 
minute and weak animals, as are often captured, 
could force their way into the bladders, I tried many 
espetiments to ascertain how this was effected. The 
free margin of the valve bends so easily that no 
resistance is felt when a needle or thin bristle is 
inserted. A thin human hair, fixed to a handle, 
and cut off so as to project barely ^ of an inch, 
entered with some difficulty ; a longer piece yielded 
instead of entering. On three occasions minute par- 
ticles of blue glass (so as to be easily distinguished) 
were placed on Talves whilst under water; and on 
trying gently to move them with a needle, they disap- 
peared so suddenly that, not seeing what had happened, 
I thought that I had flirted them off; bnt on ex- 
amining the bladders, they were found safely enclosed. 
The same thing occurred to my son, who placed little 
cubes of green box-wood (about ^ of an inch, '423 
mm.) on some valves ; and thrice in the act of placing 
them on, or whilst gently moving them to another 
spot, the valve suddenly opened and they were en- 
gulfed- He then placed similar bits of wood on ot 
valves, and moved them about for some time, but tl 
did not enter. Again, particles of blue glass were 
placed by me on three valves, and extremely i 
shavings of lead on two other valves ; after 1 or 2 his. 
none had entered, but in from 2 to 5 hrs. all five 
were enclosed. One of the particles of gl; 
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long splinter, of which one end rested obliquely on 
the valve, and after a few houra it was found fixed, half 
within the bladder and half projecting out, with the 
edge of the vaivo fitting closely all rouud, except at 
one angle, where a small open space was left. It was 
^o firmly fixed, like the above mentioned larvse, that 
the bladder was torn from the branch and shaken, and 
yet the splinter did not fall out. My son also placed 
little cubes (about -gV of an inch, ■391 mm.) of green 
box-wood, which were just heavy enough to sink in 
water, on three valves. These were examined after 
19 hrs. 30 m., and were still lying on the valves ; but 
after 22 hia. 30 m. one was found enclosed. I may 
here mention that I found in a bladder on a naturally 
growing plant a grain of sand, and in another bladder 
three grains ; these must have fallen by some accident 
on the valves, and then entered lite the particles 
of glass. 

The slow bending of the valve from the weight of 
particles of glass and even of box-wood, though largely 
supported by the water, is, I suppose, analogous to the 
slow bending of colloid substances. For instance, 
particles of glass were placed on various points of 
narrow strips of moistened gelatine, and these yielded 
and became bent with extreme slowness. It is much 
more difficult to understand how gently moving a 
particle from one part of a valve to another causes it 
suddenly to open. To ascertain whether the valves 
were endowed with irritability, the surfaces of several 
were scratched with a needle or brushed with a fine 
camel-hair brush, so aa to imitate the crawling move- 
ment of small crustaceans, but the valve did not 
open. Some bladders, before being brushed, were left 
for a time in water at temperatures between 80° and 
V6(f F. (26''-6— 54'^-4 Cent.), as, judging from a wide- 
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spread analogy, this woiild have renilerod them mord 
seupitive to irritation, or would by itself have excited 
movement ; but no effect waa produced. We may, 
therefore, conclude that animiils enter merely hy-m 
forcing their way through the slit-like orifice; thra 
heads serving as a wedge. But I am surprise* 
such small and weak creatures as are often captured* 
(ibr instance, the nauplius of a crustacean, and a tardi- 
grade) should be strong enough to act in this manner, 
seeing that it was diificult to push in one end of a 
bit of a hair i of an inch in length. Nevertheless, 
it is certain that weak and small creatures do enter, 
and Mrs. Treat, of New Jersey, has been more sue- 
cesstiil than any other observer, and has often wifij 
nessed in the case of Utricularia dandettina 
whole process." She saw a tardigrade slowly walU 
ing round a bladder, as if reconnoitring ; at last i 
crawled into the depression where the valve lies, an^ 
then easily entered. She also witnessed the entrap- 
ment of various minute crustaceans. Cypris ' 
" quite wary, but nevertheless was often caught..! 
" Coming to the entrance of a bladder, it would & 
" times pause a moment, and then dash away ; at 
" other times it would come close up, and even ven- 
" ture port of the way into the entrance and baek out 
" as if afraid. Another, more heedless, would open 
" the door and walk in ; but it was no sooner in than 
" it manifested alarm, drew in its feet and antenuGe, 
and closed its shell." Larvie, apparently of gnats, 
when "feeding near the entrance, are pretty certain 4 
" to run their heads into the net, whence there is no 1 
" retreat. A large larva is sometimes three or fou 
" hours in being swallowed, the process bringing t 
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*■ mind what I have witnessed when a small snake 
" makes a large frog its yictim," But as the valve 
doea not appear to be in the least irritable, the 
bIow swallowing process must be tbo effect of the 
onward movement of the larva. 

It is difficult to conjecture what can attract so many 
creatures, animal- and vegetable-feeding crustaceans, 
worms, tardigrades, and various Iotveb, to entot the 
bladders. Mrs, Treat says that the larvte just 
referred to are vegetable-feeders, and seem to have a 
special liking for the long bristles round the valve, but 
this taste will not account for the entrance of animal- 
feeding crustaceans. Perbaps small aquatic animals 
habitually try to enter every small crevice, like that 
between the valve and collar, in search of food or pro- 
tection. It is not probable that the remarkable trans- 
parency of tbe valve is an accidental circumstance, 
and the spot of light thus formed may serve as a 
guide. Tbe long bristles round the entrance ap- 
parently serve for the same purpose. I believe that 
this is the case, because the bladders of some epi- 
phytic and marsh species of Utricularia which live 
embedded either in entangled vegetation or in mud, 
have no bristles round the entrance, and these under 
such conditions would be of no service as a guide. 
Kevertbeless, with these epiphytic and marsh species, 
two pairs of bristles project from the surface of the 
valve, as in the aquatic species ; and their use pro- 
bably is to prevent too large animals from trying to 
force an entrance into the bladder, thus rupturing tbe 
oriiice. 



As under favourable circumstances most of the blad- 
'iers succeed in securing prey, in one case aa many as 
ten crustaceans ; — as the valve is so well fitted to 
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allow animals to enter and to prevent their escape 
and as the inside of the bladder presents so eingular 
a structure, clothed with innumerable quadrifid and 
bifid processes, it ia impossible to doubt tlint the plant 
hag been specially adapted for securing prey. From 
the analogy of Pinguicula, belonging to the same 
family, I naturally expected that the bladders would 
have digested their prey ; but this is not the case, and, 
there are no glands fitted for secreting the propet: 
fluid. NevertheiosB, in order to teat their power of 
digestion, minute &aginents of roast meat, three small 
cubes of albumen, and tiiree of cartilage, were pushed 
through the orifice into the bladders of vigorous 
plants. They wore loft from one day to three daya 
and a half within, and tbe bladders were then cut 
open ; but none of the above substances exhibited the 
least signs of digestion or dissolution ; the angles of the 
cubes being as sharp as ever. These observations were 
made subsequently to those on Drosera,Dion«a,Dro8o- 
phyllum, and Pinguicula ; so that I was familiar with 
the appearance of these substances when under- 
going the early and final stages of digestion. We may 
therefore conclude that Utricularia cannot digest the' 
animals which it habitually captures. 

In most of the bladders the captured ftniinnln are bo' 
much decayed that they form a pale brown, pulpy 
mass, with their chitinous coats so tender that they 
fall to pieces with the greatest ease. The black 
pigment of tbe eye-spots is preserved better than any 
thing else. Limbs, jaws, &c. are often found quit^i 
detached ; and this I suppose is the result of the vain 
struggles of the later captured animals, I hare 
sometimes felt surprised at the small proportion of 
imprisoned animals in a fresh state compared with 
those utterly decayed. Mrs. Treat states with respeut 
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to the lajTSB aboTe referred to, that " usually in less 
" than two days after a large one waa captured the fluid 
" contents of the bladders began to assume a cloudy 
" or muddy appearauce, and often became so dense 
" that the outline of the animal was lost to TJew." 
This statement raiaea the suspicion that the bladders 
secrete aome ferment hastening the process of decay. 
There is no inherent improbability in this supposition, 
considering that meat soaked for ten minutes in water 
mingled with the milky juice of the papaw becomes 
quite tender and soon passes, as Browne remarks in 
hia 'Katural History of JTamaica,' into a state of 
putridity. 

Whether or not the decay of the imprisoned animals 
is in any way hastened, it ia certain that matter is 
absorbed from them by the quadrifid and bifid pro- 
cesses. The extremely delicate nature of the mem- 
brane of which these processes are formed, and the 
large surface which they expose, owing to their number 
crowded over the whole interior of the bladder, are 
circumstances all favouring the process of absorption. 
Many perfectly clean bladders which had never caught 
any prey were opened, and nothing could be distin- 
guished with a No. 8 object-glass of Hartnack within 
the delicate, structureless protoplasmic lining of the 
arms, excepting in each a single yellowish particle or 
modified nucleus. Sometimes two or even three such 
partibles were present ; but in this case traces of decay- 
ing matter could generally be detected. On the other 
hand, in bladders containing either one large or several 
small decayed animals, the processes presented a widely 
different appearance. Six such bladders were care- 
fully examined; one contained an elongated, coiled- 
up larva ; another a single large entomostrocon crusta- 
Btsan, and the others from two to five smaller ones, all 
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in a decayed state. In these six bladders, a laxgi 
niimber of the quadrifid processes contained transp^ 
rent, often yellowisli, more or leaa confluent, spherical 
or irreguliirly shaped, maaaes of matter. Some of the 
processes, however, contained only fine granular 
matter, the particles of which were so small that they 
could not be defined clearly with No. 8 of Hartnack. 
The delicate layer of protoplasm lining their walls 
was in some cases a little shrunk. On three occasions 
the above small masses of matter were observed and 
sketched at short intervals of time ; and they certainly 
changed their positions relatively to each other and 
to the walls of the arms. Separate masses sometimes 
became confluent, and then again divided. A single 
little mass would send out a projection, which after a 
time separated itaelf. Hence there could be no donbt 
that these masses consisted of protoplasm. Bearing 
in mind that many clean bladders were examined with 
equal care, and that these presented no such appear- 
ance, we may confidently believe that the protoplasm 
in the above cases had been generated by the absorp- 
tion of nitrogenous matter &om the decaying animals. 
In two or three other bladders, which at first appeared 
quite clean, on careful search a few processes were 
found, with their oulaidea clogged with a little brown 
matter, showing that some minute animal had been 
captured and had decayed, and the arms here included 
a very few more or less spherical and aggregated 
masses ; the processes in other parte of the bladdeni^ 
being empty and transparent. On the other hand, | 
must be stated that in three bladders containing de« ' 
crustaceans, the processes were likewise empty. Tblff* 
fact may be accounted for by the animals not having 
been aufBeiently decayed, or by time enough not 
having been allowed for the generation of proto-n 
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plasm, or by its aubseqnent absorption and transference 
to otlier parts of the plant. It will hereafter be seen 
that in three or four other species of Utiiculaiia the 
quadrifid processes in contact with decaying animala 
likewise contained aggregated masses of protoplasm. 

On tJte Absorption of certain Fluid» hy the Quadrifid 
and Bifid Processes. — These experiments were tried to 
ascertain whether certain fluids, which seemed adapted 
for the purpose, would produce the same effects on 
the processes as the absorption of decayed animal 
matter. Such experiments are, however, troublesome ; 
for it is not sulEcient merely to place a branch in 
the fluid, as the valve shuts so closely that the flnid 
apparently does not enter soon, if at all. Even when 
bristles were pushed into the orifices, they were in 
several cases wrapped so closely round by the thin 
flexible edge of the valve that the fluid was appa- 
rently excluded ; so that the experiments tried in this 
manner are doubtful and not worth giving. The best 
plan would have been to puncture the bladders, but 
I did not think of this till too late, excepting in a few 
cases. In all such trials, however, it cannot be ascer- 
tained positively that the bladder, though translucent, 
does not contain some minute animal in the last stage 
of decay. Therefore most of my experiments were 
made by cutting bladders longitudinally into two ; the 
quadrifids were examined with No. 8 of Hartnack, 
then irrigated, whilst under the covering glass, with 
a few drops of the fluid under trial, kept in a damp 
chamber, and re-examined after stated intervals of 
time with the same power as before. 

Four bladders wore fttst tritd as a contnil experiinenl, in 
the manner just iie»?rilie(i, in a eolution of one part of gnat 
ftrabip to 218 of walcr, and two bladders in a eolution of ofn 
part of sugar to 437 of natur; atid in neither case was uu; 



change peicepb1)1e in the qnadrifida ot biSdB itfter SI hrs. 
Four bladders were then treated ia the same manner with a 
Bolntion of one part of nitrate of ammonia to 437 of wafer, and 
re-ejjunined after 21 hrs. In two of the-so the quadrifids now 
appeared, fall of yeiy finely graniUar matter, and their proto- 
plasmic lining or primordial ntricle was a Uttle ehnink. In the 
third bladder, the q^uadrifids included distinctly Tisihle grannies, 
and the primordial utricle was a little shrunk after only 8 hra. 
In the fourth bladder the primordial ntriclo in most of the 
procesBea was here and there thickened into little, irregulur, 
yellowish specks ; and from the gradations which could be 
traced in this and other cases, those specks appear to give riae 
to the larger free granules contained within some of the pro- 
cesses. Other bladders, which, as far as could be judged, had 
never caught any prey, were punctured and left in the same 
solution for 17 hrs. ; and their quadrilida now contained Tery 
flne granalar matter. 

A bladder was bisected, examined, and irrigated with a 
solution of one part of carbonate of ammonia to 437 of water. 
After Shra. 30m. the quadrifids contained a good many granules, 
and the primordial utricle was somewhat shrank; after 23 hrs. 
the quadrifids and biftds contained many spheres of hyalinm 
matter, and in one arm twenty-four such spheres of moderatrf* 
size were counted. Two bisected bladders, which had beeii^ 
previously left for 21 hrs. in the solution of gum (one part to 
218 of water) without being affected, were irrigated with the 
solution of carbonate of ammonia ; and both had 'Uieir quadrifidB 
modified in nearly the same manner as just described, 
after oaly 9 hrs., and the other after 24 hrs. Two bladders 
which appeared never to have caught any prey were punotnre4| 
and placed in the solution ; the quadrifids of one were examined/ 
after 17 hrs., and found slightly opaque; the quadrifida ot thai 
other, examined after 45 hrs., had their primordial utricles morm 
or less shrunk with thickened yellowish specks, like those dfl6' 
to the action of nitrate of ammonia. Several iminjured bladi' 
were left in the same solution, as weU as a weaker solutioa 
of one part to 1750 of water, or 1 gr. to 4 oz.; and after two 
days the quadrifids were more or leas opaqno, with their con- 
tents finely granular ; but whether the solution bad entered hj 
the orifice, or had been absorbed from the outside, I know not. 

Two bisected bladders were irrigated with a solution of one 
part of urea to 218 of water; but when this solution was em- 
ployed, I foi^ot that it had been ki<pt for some days in a warm 
room, and hud therefore pwlialiiy generated ammonia ; anyhow 
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the qnadrifids were aSected after 21 hrB. as if a Bolution 
bonate of ammonia had been used; for the primordial 
was thickened in specks, which seemed to graduate into separate 
granules. Three bisected bladdors wore also irrigated with a 
fresh solution of nrea of the same strength; their qnadrifids 
after 21 hrs. were much less affected than in the former case ; 
aevertlieless, the primordial utricle in some of the arme was 
a little shrunk, Etnd in others was divided into two almost 
syrnmetrical sacks. 

Three bisected bladders, after being esomined, were irrigated 
with a putrid and very offensive infusion of raw meat. After 
23 hrs. the qaadrihds and hifids in aU three specimens abounded 
with minute, hyaline, Bphericai mflBBes; and some of their 
primordial utricles were a little shrank. Three bisected blad- 
ders were also irrigated with a fresh infusion of raw meat ; and 
to m; surprise the quadriUds in one of them appeared, after 
23 hrs., finely granular, with their primordial utricles somewhat 
shrunk and marked with thickened yellowish specks ; bo that 
they had been acted on in the same manner as by the putrid 
tnfoaion or by the salts of ammonia. In the second bladder 
some of the qnadrifldB were similarly acted on, though to a 
very slight degree ; whilst the third bladder was not at all 
affected. 

From these experiments it ia clear tliat tlie quad- 
rifid and bifid processes have the power of absorbing 
caiboriate and nitrate of ammonia, and matter of 
some kind from a putrid infusion of meat, Baits of 
ammonia were selected for trial, as they are known 
to be rapidly generated by the decay of animal 
matter in the presence of air and water, and would 
therefore be generated within the bladders contain- 
ing captured prey. The effect produced on the pro- 
cesses by these salts and by a putrid infusion of raw 
meat differs from that produced by the decay of the 
naturally captured animals only in the aggregated 
masses of protoplasm being iu the latter case of larger 
size ; but it is probable that the 6iie granules and 
small hyaline spheres produced by the solutions would 
coalesce into larger masses, with time enough allowed. 
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We have seen with Drosera that the first effect 
weak solution of carbonate of ammonia on the cell- 
contents ia the production of the finest granules, which 
afterwards aggregate into larger, more or leas rounded, 
masses ; and that the granules in the layer of protoplasm 
which flows round tlie walls ultimately coalesce with 
these masses. Changes of tliis nature are, however, 
far more rapid in Droaera than in Utricnlaria. Since 
the bladders have no power of digesting albumen, 
cartilage, or roast meat, I was surprised that matter 
was absorbed, at least in one case, ^om a fresh infusion 
of raw meat, I was also surprised, from what we shall 
presently see with respect to the glands round the 
orifice, that a fresh solution of urea produced only 
moderate effect on the quadi-ifids. 

As the quadrifida are developed from papillre whii 
at first closely resemble those on the outside of the 
bladders and on the surfaces of the leaves, I may here 
state that the two hemispherical cells with which these 
latter papillEe are crowned, and which in their natural 
state are perfectly transparent, likewise absorb car- 
bonate and nitrate of ammonia ; for, after an immersion 
of 23 bra. in solutions of one part of both these salts 
to 437 of water, their primordial utricles were a little 
shrunk and of a pale brown tint, and sometimes finely 
granular. The same result followed from the immersion 
of a whole branch for nearly three days in a solution 
of one part of the* carbonate to 1750 of water. The 
grains of chlorophyll, also, in the cells of the leaves 
on this branch became in many places aggregated 
into little green masses, which were often connected 
together by the finest threads, 

On the Absorption of certain Fhiida by Hie Qlanda on 
the Valve and Collar. — The glands round the orifices of 
bladders which are still young, or which have beoit 
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long kept in moderately pure water, are colourless; 
and their primordial utricles are only slightly or 
hardly at all granular. But in the greater number of 
plunts in a state of nature— and we must remember 
that they generally grow in very foul water — and 
with plants kept in an aquarium in foul water, most 
of the glands were of a pole brownish tint ; their prim- 
ordial utricles were more or leas sknink, 8i>metiines 
ruptured, with their contents often coarsely granular 
or aggregated into little masses. That this state of 
the glands is due to their having absorbed matter from 
the surrounding water, I cannot doubt ; for, as we shall 
immediately see, nearly the same results foUow from 
their immersion for a few hours in various solutions. 
Nor is it probable that this absorption is useless, 
seeing that it is almost universal with plants growing 
in a state of nature, excepting when the water is re- 
markably pure. 

The pedicels of the glands which aro situated close 
to the slit-like orifice, both those on the valve and on 
the collar, are short ; whereas the pedicels of the more 
distant glands are much elongated and project inwards. 
The glands are thus well placed so to be washed by 
any fluid coming out of the bladder through the 
oriiice. The valve fits so closely, judging from the 
result of immersing uninjured bladders in various 
solutions, that it is doubtful whether any putrid fluid 
habitually passes outwards. But we must remember 
that a bladder generally captures several animals ; and 
that each time a fresh animal enters, a puff of foul 
water must pass out and bathe the glands. Moreover, 
1 have repeatedly found that, by gently pressing blad- 
ders which contained air, minute bubbles were driven 
out through the orifice; and if a bladder is laid on 
clotting paper and gently pressed, wat«r oozes oat. 
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Iq this l&tter case, as sooa as the pressure is relaxed, air 
is drawn in, and the bladder recovers its proper form. 
If it is now placed luider water and again gently 
pressed, minute bubbles issue from tlie orifice anJ 
nowhere else, showing that the walls of the bladder 
have not been ruptured. I mention this because Cohn 
quotes a statement by Treviranus, that air cannot be* 
forced out of a bladder without rupturing it. We may 
therefore conclude that whenever air is secreted within 
a bladder already full of water, some water will be 
slowly driven out through the orifice. Hence I can 
hardly doubt that the numerous glands crowded round 
the orifice are adapted to absorb matter from th& 
putrid water, which will occasionally escape from 
bladders including decayed animals. 



In order to teet this conchiPion, I experimented wiih various 
Bolntjone on the glands. As in the case of the qondrifids, saJts 
of ammonia were tried, since these are generated by the final 
decay of animal matter nnder water. Unfortimately the glands 
cannot be carefully examined whilst attached to tjie bladders 
in their entire state. Their snnunitB, therefore, including the 
talve, collar, and actennaa, were sliced off, and the condition 
of the glands obHerved ; they were then irrigated, whilst heneath 
a covering glass, wilh the solutions, and after a time re-ex- 
amined with the same power as before, namely No. 8 of Hart- 
nack. The following experiments were thus made. 

As a control experiment Bolutioos of one part of white sugar 
and of one part of gmn to 218 of water were first used, to sea 
whether these produced any change in the glands. It was 
also necessary to observe whether the glands were affected by 
the summits of the bladders having been eut off. Thu summits 
of four were thns tried ; one being exanuned after 3 hrs. 30 m., 
and the other three after 23 bra. ; but there was no marked 
change in the glands of any uf them. 

Two summits bearing quite colourless glands were irrigated 
with a solution of carbonate of ammonia of the same strength 
(viK. one part to 218 of water), and in 5 m. the primordial 
utricles of most of the glands were somewhat contracted; they 
weroalso thickened in specks or patches, and had assumed a )n 
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brown tint, Wlien looked at again after 1 hr. 3i 
them prsaented a somewhat different appearam 
specimen was treated with a weaker eolation of one part of the 
carbonate to 437 of water, and after 1 hr. the glands were pale 
brown and contained numerons granulea. 

Fonr summits were irrigated with a solution of one part of 
nitrate of ammonia to 437 of wtii«r. One was examined after 
13 m., and the glands seemed affected ; after 1 hr. 10 m. there 
was a greater change, and the primordial utricles in most of 
them were somewhat shranli:, and incladed many grannies. 
In the Becoad specimen, the primordial utricles were eonaider- 
ably shrunk and brownish after 2 hrs. Similar effects were 
observed in the two other specimens, but these were not ex- 
amined until 21 hrs. had elapsed. The nuclei of many of 
the glands apparently had increased in size. Five bladders 
on a branch, which had been kept for a long time in mode- 
rately pure water, were cat off and examined, and their glands 
found very little modified. The remainder of this branch was 
placed in the solution of the nitrate, and after 21 hrs. two blad- 
ders were examined, and all their glands were brownish, with 
their primordial utricles somewhat shrunk and finely granular. 

The summit of another bladder, the glands of which were in a 
beantifully clear condition, was irrigated with a few drops of 
a mixed solution of nitrate and phosphate of ammonia, each 
of one part to 437 of water. After 2 hrs. some few of the 
glands were brownish. Aft«r 8 hrs. almost all the oblong glands 
were brown and much more opaque than they were before ; 
their primordial utricles were somewhat shrunk and confAined a 
little a^regated granular matter. The spherical glands were 
still white, but their utricles were broken up into three or 
four small hyaline spheres, with an irregularly contracted mass 
in the middle of the basal part. These smaller spheres changed 
their forms in the course of a few hours, and some of them 
disappeared. By the nest morning, after 23 bra. 30 m., they 
had all disappeared, and the glands were brown; their utricles 
DOW formed a globular shrunken mass in the middle. The 
utricles of the oblong glands had shrunk very little, bnt 
their contents were somewhat aggregated. Lantly, tho summit 
of a bladder *whioh had been previously irrigated for 21 hrs. 
with a solution of one part of sugar to 218 of wat«r without 
being affected, was treated with the alrave mixed solution; and 
after 8 hrs. 30 m. all the glands became brown, with their 
primordial utricles slightly shrunk. 

Four summitB were irrigated with a putrid infusion of rciw 
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meat. No cbange ia the glfinds wae obseryable for some hours, 
but uttet '2A lui!. most of tbem had become brownish, and more 
opaque and granular thnn they were before. In these apeoi- 
mens, as in Uioee irrigated with the salts of ammonia, the 
nuclei Geemod to hare increased both in size and aotiditj, but 
the; were not measured. Five enmmits were also irrigated 
with a fresh infui^ioii of taw meat; three of these were not at 
all affected in 24 hrs., but the glanda of the other two had 
perhaps berome more gmnulor. Oue of the specimens which 
was not nffected was then irrigated with the ndied solution of 
the nitrate and phosphate o£ ammonia, and after only 25 la. 
the glands contained from four or five to a dozen granules. 
After six additional hours their primordial utricles were greatly 
shrunk. 

The summit of a bladder was examined, and all the glands 
found colourless, with their primordial utricles not at oU 
shrank ; yet many of the oblong glands contained granulea just 
resolvable with No. 8 of Hartnack. It was then irrigated with, 
a few drops of a solution of one part of urea to 218 of water. 
After 2 hrs. 25 m. the spherical glands were still colourless; 
whilst the obloog and two-armed ones were of a brownish tint, 
and their primordial utricles much shrunk, some oontoining 
distinctly visible granules. After ^ hrs, some of the spherical 
glands were brownish, and the oblong glands were still more 
changed, but they contained fewer separate gianulee; their 
nuclei, on tho other bond, appeared larger, as if thoy had 
absorlted the grannies. After 23 hrs. all the glands were 
brown, their primordial utricles greatly shrunk, and in many 
coses ruptured. 

A bladder was now experimented on, which was already 
somewhat affected by the surrounding water; for the spherical 
glands, tjiough colourless, had their primordial utricles slightly 
shrunk ; and the oblong glands were brownish, with their 
utricloB much, but irregnlarly, shrunk. The summit was 
treated with the solution of urea, but wae little affected by it in 
9 hrs.; neTcrtheless, after 23 bra. the spherical glands weM 
brown, with their ntricloa more shrunk ; several of the other 
glands were still browner, with their utricles contracted inttf | 
irregular little masses. 

Two other summits, with their gliinrts colourless and thdr 
utricles not shrunk, were treoted with tho Rame solution of 
urea. After 5 hrs. many of the glands presented a shade of 
brown, with their utricles slightly shrunk. After 20 brs. 
40 m, Bome few of them were quite brown, and ooutunod— 
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iiregvlarly ^igregated UBeses; others were still colourless, 
thongli tiair utricles were slirunk ; but the greater number 
were not much affected. This was a good instance of how 
unequally the glands on the same bladder are Bometimes 
affected, as likewise often occurs with pjaats growing in foul 
water. Two other summits were treated with a solution which 
had been kept during sereral d&ya in a warm rooiti, and their 
glands were not at all affected when examined after 21 hra. 

A weaker solution of one part of urea to 437 of water was next 
tried on six Buinmits,all carefully examined before being irrigated. 
The first was re-e»unined after 8 bra. SO m., and the glands, 
including the spherical ones, were brown; man; of the oblong 
glands having their primordial atricIoB much shrank and in- 
cluding granules. The second siuumit, before being irrigated, 
had been somewhat affected by the surrounding water, for the 
spherical glanda were not quite imiform in appearance; and a 
few of the oblong ones wore brown, with their utricles shrunk. 
Of the oblong glands, those which were before eolouriesa, be- 
came brown in 3 hra. 12 m. after irrigation, with their utricles 
sliglitly shrunk. The spherical glands did ilot become brown, 
but their contents seented changed in appearance, and after 
23 hrs. still more changed and granular. Most of the oblong 
glands were now dark brown, but their utricles were not 
preafly shrunk. The four other specimeUB were examined after 
3 lirs. 30 m., after 4 hrs., and 9 hrs. ; a brief account of their 
ruuditioD will be suffloient. The spherical glands were not 
brown, but some of them were finely granular. Many of the 
oblong glands were brown; and these, as well as others which 
still remained colourless, had their utricles more or less shrunk, 
Eoine of them including small aggregated maRses of matter. 



Sumtiiary of iJie ObservaiioTia on Absorption. — Froni 
the facts now given there can be no doubt that the 
variously shaped glands on the valve and round the 
collar have the power of absorbing matter from weak 
solutions of certain salts of ammonia and urea, and 
from a putrid inftision of raw meat. Prof. Cohn 
believes that they secrete slimy matter ; but I was 
not able to perceive any truce of such action, ex- 
cepting that, after immersion in alcohol, extremely 
fine lines cuuld sometimes he seen radiating from theit 
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Biirfaces, The glands are variously affected by absorp- 
tion ; tbey often become of a brown colour ; Bometimes 
they contain very fine granules, or moderately sized 
grains, or irregnlarly aggregated little masses ; some- 
times tbe puclei appear to have increased in size ; the 
primordial utricles are generally more or less shrank 
and sometimes ruptured. Exactly the same changes 
may be observed in the glands of plants growing 
and flourishing in foul water. The spherical glands/ 
are generally affected rather differently from the 
oblong and two-armed ones. The former do not 
commonly become brown, and are acted on moi 
slowly. We may therefore infer that they differ soi 
what in their natural functions. 

It is remarkable how unequally the glands on 
bladders on the same branch, and even the glai 
of the same kind on the same bladder, are affected 
the foul water in which the plants have grown, and by 
the solutions which wore employed. In the former 
case I presume that this is due either to little currents 
bringing matter to some glands and not to others, or 
to unknown difference in their constitution. When 
the glands on the same bladder are differently affected 
by a solution, we may suspect that some of them 
had previously absorbed a small amount of matter 
from the water. However this may be, we have 
seen that the glands on the same leaf of Drosera ara 
sometimes very unequally affected, more especially 
when exposed to certain vapours. 

If glands which have already become brown, with 
their primordial utricles shrunk, are irrigated with 
one of the effective solutions, they are not acted on, 
ot only slightly and slowly. If, however, a gland 
contains merely a few coarse granules, this does not 
jirevent a solution from acting. I have never 
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any appearance making it probable that glands which 
have been strongly affected by absorbing matter of 
any kind are capable of recovering their priatine, 
colourlesa, and homogeneous condition, and of regain- 
ing the power of absorbing. 

From the nature of the solutions which were tried, 
I presume that nitrogen is absorbed by the glands; 
but the modified, brownish, more or less shrunk, and 
aggregated contents of the oblong glands -were never 
seen by me or by my son to undergo those spon- 
taneous changes of form characteristic of protoplasm. 
On the other hand, the 'contenta of the larger 
spherical glands often separated into small hyaline 
globules or irregularly shaped masses, which changed 
their forms very slowly and ultimately coalesced, 
forming a central shrunken mass. Whatever may be 
the nature of the contents of the several kinds of 
glands, after they have been acted on by foul water 
or by one of the nitrogenoua solutions, it is probable 
that the matter thus generated is of service to the 
plant, and is ultimately transferred to other parts. 

The glands apparently absorb more quickly than do 
the qnadrifld and bifid processes; and on the view 
above maintained, namely that they absorb matter 
from putrid water occasionally emitted from the 
bladdt-'r?, they ought to act more quickly than the 
processes ; as these latter remain in permanent con- 
tact with captured and decaying animals. 

Finally, the conclusion to which we are led by 
the foregoing experiments and observations is that 
the bladders have no power of digesting animal 
matter, though it appears that the quadrifida are 
somewhat afl'ected by a fresh infusion of raw meat. 
It is certain that the processes within the bladders, 
and the glands outside, absorb matter from salts of 
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ammoiiia, from a putrid infusion of raw meat, and 
urea. Tlie glands apparently arc acted on mt 
strongly by a solution of urea, and lesa strongly 
an infusion of raw meat, tLan are the proceesea. "] 
case of urea is particularly interesting, because w© 
have seen that it produces no effect on Drosera, the 
leaves of which are adapted to digest fresh animal 
matter. But the most important fact of all is, that 
in the present and following species the quadrifid 
and bifid processes of bladders containing decayed 
animals generally include little masses of spontani 
oualy moving protoplasm ; whilst such 
never seen in perfectly clean bladders. 

Deiielopment of the Bladders. — My son and I spent 
much time over this subject with small success. Our 
observations apply to the present species and to TJiru 
milaria vulgaria, but were made chiefly on the latter, as 
the bladders are twice as large aa those of Uirieularia 
nefflecla. In the early part of autumn the stems tej> 
minate in large buds, which fall off and lie dormant 
during the winter at the bottom. The young leaves 
forming these buds bear bladders in various stages of 
early development. When the bladders of Uiricuiaria 
vulgaris are about -j-^ inch ("254 mm.) in diameter 
(or ^-i^ in the case of JJtriffidaria neghda), they are 
circular in outline, with a narrow, almost closed, trans- 
verse orifice, leading into a hollow filled with water; 
but the bladders are hollow when much under -rTT of 
an inch in diameter. The orifices face inwards as 
towards the axis of the plant. At this early age the. 
bladders are flattened in the plane in which the orifice 
lies, and therefore at right angles to that of the 
mature bladders. They are covered exteriorly with 
papillae of different sizes, many of which have aa 
elliptical outline. A bundle of vesKels, formed 
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Bimple elongated cells, runs np the short footstalk, 
and divides at the base of the bladder. Ooe branch 
extends up the middle of the dorsal surface, and 
the other up the middle of the ventral surface. In 
full-grown bladders the ventral bundle divides close 
beneath the collar, and the two branches run on each 
side to near where the comers of the valve Tmite with 
the collar ; but these branches could not be seen in 
very young bladders. 

The accompanying figure (fig. 23) shows a section, 
which happened to be strictly medial, through the foot- 
stalk and between the naacent antennse of a bladder 
of Utricularia vulgaris, -tbtt inch 
in diameter. The specimen -was 
soft, and the young valve be- 
came separated from the collar 
to a greater degree than is 
natural, and is thus represented. 
We here clearly see that the 
valve and collar are infolded 
prolongations of the walls of the 
bladder. Even at this early 
age, glands could be detected 
on the valve. The state of the 
quadrifid processes will presently 
be described. The antennse at this 
period consist of minute cellular projections (not shown 
in the above figure, as they do not lie in the medial 
plane), which soon bear incipient bristles. In five 
instances the young antennse were not of quite equal 
length ; and this fact is intelligible if I am right in 
believing that they represent two divisions of the 
leaf, rising from the end of the bladder; for, with 
the true leaves, whilst very young, the divisions are 
never, as far as I have seen, strictly opposite ; they 
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must therefore be developed one after tlie other, ana' 
8o it would be with ine two antennse. 

At a miich earlier age, when the half formed 
bladders are only -j-^ inch (-0846 mm.) in diameter 
or a little more, they present a totally different ap- 
pearance. One is represented on the left side of tiie 
accompanying drawing (fig. 24). The young leaves , 




at this age have broad flattened segments, with thcl 
future divisions represented by prominences, one I 
which is shown on the right side. NoWj in a 1&3^SV 
number of specimens examined by my son, the yonneT 
bladders appeared as if formed by the oblique folding 
over of the apex and of one margin with a prominenc^fl 
against the opposite margin. The circular holloi 
between the infolded apex and infolded prominei 
apparently contracts into the narrow orifice, whereii^ 
the valve and collar will be developed ; the bladdi 
itself being formed by the confluence of the oppi 



OaiP.XVn. DEVELOFMENT OF TIIE BLADDEB8. 



427 



luargms of the rest of the leaf. But strong objectiona 
may be tirged against this view, for we must in this 
case suppose that the valve and collar are developed 
asymmetrically from the sides of the apex and pro- 
minence. Moreover, the bundles of vascular tissue 
have to be formed in lines quite irrespective of the 
original form of the leaf. Until gradations can be 
shown to exist between this the earliest state and a 
young yet perfect bladdeij the case must be left 
doubtful. 

As the quadrifid and bifid processes offer one of the 
greatest pecnliarities in the genus, I carefully observed 
their development in Utricularia nefflecta. In bladders 
about T-fa of *^ hieh in diameter, the inner surface 
is studded with papillse, rising from small cells at the 
junctions of the larger ones. These papilla consist of 
a delicate conical protuberance, which narrows into 
a very short footstalk, surmounted by two minute 
cells. They thus occupy the same relative position, 
and closely resemble, except in being smaller and 
rather more prominent, the papjllas on the outside of 
the bladders, and on the surfaces of the leaves. The 
two terminal cells of the papilla first become much 
elongated in a line parallel to the inner surface of the 
bladder. Next, each is divided by a longitudinal 
partition. Soon the two half-cells thus formed sepa- 
rata from one another ; and we now have four cells or 
an incipient quadrifid process. As there is not space 
for the two now cells to increase in breadth in their 
original plane, the one slides partly under the other. 
Their manner of growth now changes, and their outer 
sides, instead of their apices, continue to grow. The 
two lower cells, which have slid partly beneath the two 
upper ones, form the longer and more upright pair of 
processes; whilst the two upper cells form the shorter 
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and more horizontal pair; the four together formmf 
a peri'ect quadrifid. A trace of the primary divi; 
between the two cells on the summits of the papillse 
still be seen between the bases of the longer proceBsi 
The development of the quadritids is very liable to 
bo arrested. I have seen a bladder -jL of an inch 
in length including only primordial papillfe ; and 
another bladder, about half its full size, with 
quadrifids in an early stage of development. 

As far as I could make out, the bifld processes 
developed in the same manner aa the qnadrifids, 
excepting that the two primary terminal cells never 
become divided, and only increase in length. The 
glands on the valve and collar appear at so early an 
age that I could not trace their development ; but 
we may reasonably suspect that they are developed 
from papilliB like those on the outside of the bladder, 
but with their terminal cells not divided into two. 
The two segments forming the pedicels of the glands 
probably answer to the conical protuberance and short 
footstalk of the quadrifid and bifid processes. I am 
strengthened in the belief that the glands are de- 
veloped from papillte like those on the outside of the 
bladders, from the fact that in Utricula/ria amethyalina 
the glands extend along the whole ventral eurfacs 
of the bladder close to the footstalk. 
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Living plants from Torkahina were sent mo by Dr. Hooker. 
TliJB apocicH diffGrs from the Ini^t in the stoma and loaves being 
thicker or oooiser; tbeir divisious form a more acnte angle 
with one another ; the notchea on the loaves bear three or 
four short bristles instead of one ; and the bladders are twice 
aa large, or about J of an inch (5'08 mm.) in diameter. In 
all essential raspocts the bladders resemble those of Utricaiaria 
aeijlecla, but the siues of the peristome are perhaps a little men 
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promineni, and alwaja bear, as Cir as I have a 
eight loDg malticelliilai briHtloa. There are eleven long bristles 
on each antenna, the terminal pair being incIadtxL Five 
bladders, containing prey of Boma kind, were examined. Tlie 
first included fire Cjpris, a large copepod and a Diaptomns ; 
the second, four Oypris; tbe third, a single rather large c 
tacean; the fourth, sir cnistaoeans; and the fifth, ten. My 
SOS examinod the quodrifid proceeses in a bhtddsr coataining 
the remains of two cmstaoeanB, and foond some of them full of 
spherical or irregularly shaped masses of matter, which were 
observed to move and to coaltisce. These maeses therefore con- 
sisted of protoplasm. 

UtRIOULAEIA MINOB. 

This rare species was sent me in a living state from Cheahire, 
through the kindness of Mr. John Price. The leaves and 
bladders are mnch amallet than those of Utrkularia neglecla. 
The loaves bear fewer and shorter bristles, and the bladders ara 
more globular. The antennro, instead of projecting in front 
of the bladders, are cnrled TOidor the valve, and are armed with 
twelve or fourteen extremely long 
multicellular bristles, generally 
arranged in pairs. These, with 
seven or eight long bristles on 
both sides of the peristome, form 
a sort of net over the valve, which 
would tend to prevent all ani- 
mals, excepting very fonall ones, 
entering the bladder. The valve 
and collar have the same essential 
structure as in the two previous (itrimiana minar.t 

species; but the glands are not Qnwitiaii pikmh; giPMijeni,irB«i. 
quite so numerous; the oblong 

ones ore rather more elongated, whilst the two-armed ouen are 
rather loss eloBgated. The four bristles which project obliquely 
from the lower edge of the valve are short. Their shortufsf, 
compared with those on the valves of the foregoing species, is 
intelligible if my view is correct that they serve to prevent 
too large animals forcing an entrance through the valve, thus 
injuring it; for the valve is already jirolected to a certain 
extent by the incurved antennaa, together with the lateral 
bristles. The bifid processes are like those in the previous 
epecies; but the quadrifids differ in the four arms (fig. 25) 



being directed to the aamesije; the two longer ones being 
central, and the two shorter ones on the outside. 

The plants were collected in the middle of July; and the 
contents of five bladders, which from thoir opacity seemed full 
of pro?, were examined. The first contained no less than 
twenty-four minute fresh-wat£r cruHtaceane, moat of them con- 
siBting of empty sheila, or including only a few dropa of rod oily 
matter ; the second contained twenty ; the third, fifteen ; the 
fourth, tea, some of thep l*ing rather larger tlian nsnol ; and 
the fifth, which seomcd stuffed quite full, contained only seven, 
bnt five of these were of unneually large size. The prey, 
therefore, judging from these five bladders, consists exclusively 
of fresh- water ernstaceana,moat of which appeared to be distinct 
species from those found in the bladders of the two former 
species. In one bladder the quadrifids in oontoct with a decay- 
ing mass cootained numerous spheres of granular matter, 
which slowly changed their forms and positions. 



UtEICULARIA 0LANDE8TINA. 



This North American spodos, which is aquatic like the three 
foregoing ones, has been described hy Mrs. Treat, of New Jersey, 
whose eseellent ohservfltionH have already been largely quoted. 
I have not as yet seen any fnU description hy her of the etructnrs 
of the bladder, hut it appears to be lined with qoadiifid 
processes. A vast number of captured animals were found 
within the bladders ; some being crustaceans, but the greater 
number dehcate, elongated larviB, I suppose of Cnhcidaj. On 
some stems, "fully nine out of every ten bladders contained 
these larvsa or their remains." The larvie "showed signs of life 
from twentj-four to thirty-six hours after being imprisoned," 
and then perished. 
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CHAPTER XVm. 

UTKlctiuillA (contiaaed). 

IMrieularii moTifana — Deaoription a! tho blndrjora on the snbtep- 
cnneaii rhizomes — Prey captiirod fay the bluJiIera of plants under 
cuitore BOid in a rtnto of naturo — AfaBorjitioo fay the qnarlrifld pro- 
coBseB nod glands — Tutwra Borviog as teeorvoire for water — 
Viiriona other species of Utrienluriu — Polypompholys^QeDllaea, 
diiferent nature of the trap foe capturing prey — Direraificd 
methods by which plants are nonriahed. 

Uthiculaela MONTANA. — TMs speciea inhabits the 
tropical part8 of South America, and is said to be 
epiphytic ; bat, judging from the state of the roots 
(rhizomes) of some dried spe- 
cimens from the herbaiinm 
at Kew, it liliewise lives in 
earth, probably in crevices 
of rocks. In English hot- 
houses it is grown in peaty 
soil. Lady Dorothy Nevill 
was so kind as to give me 
a fine plant, and I received 
another from Dr. Hooker. 
The leaves are entire, instead 
of being much divided, as 
in the foregoing aquatic Fm.aa. 

species. They are elongated, t pjrfcuiorw wmtuM.) 

about li inch in breadth, br!'n'S^^e^''i!n^'h^B™ ;'«' 
and famished with a dis- °"''^''™' 
tinct footstalk. T)ie plant produces numerous coIotu-- 
less rhizomes, as thin as threads, which bear minute 
bladders, and occasionally swell into tubers, as will 
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hereafter be described. These rhizomes appear 
actly like roots, but occasionally throw up g: 
shoots. They penetrate the earth sometimes to th( 
depth of mote than 2 inches ; but when the pit 
grows as an epiphyte, they must creep amidst 
mosaes, roots, decayed bark, &o., with which the ti 
of these countries are thickly covered. 

As the bladders are attached to the rhizomes, they 
are necessarily sabterranean. They are produced in 
extraordinary numbers. One of my plants, though 
young, must have borne several hundreds ; for a single 
branch oat of an entangled mass had thirty-two, and 
another branch, about 2 inches in length (but with its 
end and one side branch broken oflf), had seventy-three 
bladders.* The bladders are compressed and rounded, 
with the ventral surface, or that between the summit 
of the long delicate footstalk and valve, extremely 
short (fig. 27). They are colourless and almost 
transparent as glass, so that they appear smaller than 
they really are, the largest being under the Vo of 
inch (1*27 mm.) in its longer diameter. They 
formed of rather large angular cells, at the junctiooB 
of which oblong papillie project, corresponding with 
those on the surfaces of the bladders of the previous 
species. Similar papillae abound on the rhizomes, and 
even on the entire leaves, but they are rather broader 
on the latter. Vessels, marked with parallel bars 
1 of by a spiral line, run up the footstalks, and 
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• Prof. Oliver hfts figured b 
plant of UtriaUaria JamcKmiana 
('Proe. Linn. Soa' vol. iy. p. Hi9) 
having entire leaves and rhizomeB, 
like thoee ot our present spectGa ; 
but the margins of tho tanninal 
halves of sumo of tho leuv^ aro 
aoDvertc J into bladders. Thisfiuit 



olearlj indicates that the bladdeM.I 
on the riilzomee of the prusont anS^ 
following Bpeciea are modiJied aeg- 
menta of the leaf; and the; are 
thna bmngbt into oooordnnoe with 
the bttulders attached to tbe di- 
vided and flDating leaita of tT 
aquatic BpecieD. 
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just enter the bases of the bladders ; but they do not 
bifurcate and extend up the dorsal and ventral sur- 
iaces, as in the previous species. 

The ontennfe are of moderate length, and taper to a 
fine point ; they differ conspicuously from those before 
described, in not being armed with bristles. Their 
bases are so abruptly curved that their tips generally 
rest one on each Bide of the middle of the bladder, but 
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sometimes neat the margin. Their curved bases thus 
form a roof over the cavity in which the valve lies; 
but there is always left on each aide a little circular 
passage into the cavity, as may be seen in the drawing, 
as well as a narrow passage between the bases of the 
two antennre. As the bladders are subterranean, had 
it not been for the roof, the cavity in which the valve 
lies would have been liable tu be blocked up with earth 
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and rubbish ; so that the curvature of the antennie ivi 
a serviceable character. There are no bristles on the| 
outside of the collar or peristome, as in the foregoing* 
spociea. 

The valve ia small and steeply incKned, with its fi 
posterior edge abutting against a semicircular, deeplyi 
depending collar. It is moderately transparent, aniX 
bears two pairs of short stiff bristles, in the samaJ 
position aa in the other species. The presence of thesa 
four bristles, in contrast with the absence of those on] 
the antenna and collar, indicates that they are • 
functional importance, namely, as I believe, to prevent] 
too large animals forcing an entrance through the il 
valve. The many glands of diverse shapes attached' 
to the valve and round the collar in the previous 
species are here absent, with the exception of about 
a dozen of the two-armed or transversely elongated J 
kind, which are seated near the borders of the valve), J 
and are mounted on very short footstalks. These] 
glands are only the ^w? of ^^ inch (-019 mm.) i 
length ; though so small, they act as absorbents. 1 
The collar ia thick, stiff, and almost semi-circular ; it A 
is formed of the same peculiar brownish tissue aa in,^ 
the former species. 

The bladders are fiEed with water, and sometimeo * 
include bubbles of air. They bear internally rather 
short, thick, quadrifid processes arranged in approxi- 
mately concentric rows. The two pairs of arms of 
which they are formed differ only a little in length, 
and stand in a peculiar position (fig. 28) ; the two J 
longer ones forming one line, and the two shorter ouetf.1 
another parallel line. E.tch arm includes a small 1 
spherical mass of brownish matter, which, when 
crushed, breaks into angular pieces. I huve no doubt 
that these spheres are nuclei, for closely similar ones ] 
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ate present in the cells forming the walls of tlie 
bladders. Bifi<l proceaaea, having rather sbort oval 
arms, arise in the usual position on the inner side of 
the collar. 

These bladders, therefore, resemble in all essential 
respects the larger ones of the foregoing species. 
They differ ehieriy in the absence of the numerous 
glands on the valve and round the collar, a few minute 
ones of one kind alone being present on the valve. 
They differ more conspicuously in the ahaenco of the 
long bristles on the outennse and on the outside of 
the collar. The presence of these bristles in the pre- 
viously mentioned species probably relatra to the 
captiii'e of aquatic animals. 



It seemed to me an interesting question whether 
the minute bladders of Utricularia montana served, as in 
the previous species, to capture animals living in the 
earth, or in the dense vegetation covering the trees on 
which this species is epiphytic ; for in this case we 
should have a new suh-claaa of carnivorous plants, 
namely, subteirauean feeders. Many bladders, there- 
fore, were examined, with the following results : — 

(1) A small bladder, less than ^ of an inch ("847 mm.) ia dia- 
motfir, contained a niinute uiaBS of browu, much decayed muttor; 
Bjid jn this, a toraus with four or five Joints, tenninatiug in a 
double hook, was clearly distingulBhed under the microscope. 
I suspect that it was a remnant of one of the Thysanonra. The 
qnadrifida in contact with this decayed remnant contained either 
email masses of transluceat, yellowish raatttT, generally mors 
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or Icea globolor, or fmo granuIeB. In dislnnt jaiis of the sama 
bladder, the processes were transparent «nil quite empty, mih 
the exception of their solid nudei. My bod made at ehort 
intervalH of time sketches of one of tho above aggr^atad 
moBsee, and fonnd that they continually and completely changed 
tlieir forms; GomeidrnGS separating from one another and again 
coalescing. Evidently protoplasm had been generated by the 
absorption of eome element from the decaying animal matter. 

(2) Ajiother bladder included a still emaller speck of decayed 
brown matter, and the adjoining quadrifids contained aggre- 
gated matter, exactly as in the last cose. 

(3) A third bladder included a larger organism, which wna so 
much decayed that I could only make out that it was spinoso or 
hairy. The quadrifids in ttiis case were not much affected, 
excepting that the miplei in the several arms differed much ' 
size ; some of them containing two masses having a similar 
appeftrance. 

(4) A fourth bladder contained an articnlate organism, fca>< 
I distinctly saw the remnant of a limb, terminating in a hook. 
Tho quadrifids were not examined. 

(5) A fifth included much decayed matter apparently of som» 
animal, but with no recognisable features. The quadrifids 
contact contained numerous spheres of protoplasm. 

(6) Some few bladders on the plant which I received from 
Eow were examined ; and. in one, there was a worm-shaped 
animal very little decayed, with a distinct remnant of a similar 
one greatly decayed. Several of the arms of tiie prooesses in 
contact with these remains contained two spherical maeses, like 
the single solid nucleus which is properly found in each ana. 
In another bladder there was a minute grain of qnartz, remind- 
ing me of two similar cases with JJtrirulai-ia nrglecta. 

As it appeared probable that this plant would captnre a 
greater number of animals in its native country than nnder 
culture, I obtained permission to remove small portions of the 
rhizomes from dried specimens in tho herbarium at Kew. I did 
not at first find out that it was advisable to soak the thizomea 
for two or three days, and that it was necessary to open the 
bladders and spread out their contents on glass; as fcom their 
state of decay and from having been dried and pressed, their 
natnre could not otherwise be well distinguished. Several 
bladders on a plant which had grown in black earth is New 
Oranada were first examined ; and four of these included 
remnants of animals. Tho first contained a hairy Acaros, so 
much decayed that nothing was left except its transparent coat; 



I 



OHU'.x'vin. 



ABSORPTIOH. 




kIho a yellow chitinons bead of some animal with ui internal 
fork, to which the cesophaguB was suspended, but I could see 
no mandibles; also the double hook of the tarsus of 
ammal; also an elongated greatly decayed (inimal; and lastly, 
a cnriouB flask-sbaped oi^uism, hariiig the walls formed of 
rounded cells. Professor Clans has looked at this latter organism, 
and thinks tiiat it is the shell of a rhizopod, probably one of the 
Arcellidaa. In this bladder, as well as in several others, there 
were some nniceltnlar Algro, and one multicellular AJga, which 
no doubt had lived as intntdera. 

A ecoond bladder contained an Acarus much less decayed 
than the former one, with its eight legs preserved ; as well as 
remnants of several other articulate animals. A third bladder 
contained the end of the abdomen with the two hinder limbs 
of an Acarns, as I believe. A fourth contained remnants of a 
distinctly articulated bristly animal, and of several other organ- 
isms, as well as mnch dark brown organic matter, the nature 
of which could not be made out. 

Some bladders from a plant, which had lived as an epiphyte 
in Trinidad, in the West Indies, were nost examined, but not 
80 ourefully na the others; nor had they been soaked long 
enough. Four of thera contained mnch brown, translucent, 
granular matter, apparently organic, but with no distinguish- 
able parts. The quadriflds in two were brownish, with their 
contents granular ; and it was evident that they had absorbed 
matter. In a fifth blndder there was a flask-shaped organism, 
like that above mentioned. A sixth contained a very long, 
much decayed, worm-shaped animal. Ijtstly, a seventh bladder 
contained an organism, but of what nature could not be dis- 
tinguiabod. 

Only one experiment was tried on the quadrifid pro- 
cessee and glands with reference to their power of 
absorption. A bladder was punctured and left for 
24 hrs, in a solution of one part of urea to 437 of 
water, and the qimdrifid and bifid processes were found 
much affected. In some arms there was only a single 
Bymmetrical globular mass, larger than the proper 
nucleus, and consisting of yellowish matter, generally 
translucent but sometimes granular; in others there 
were two masses of different sizes, one large and the 
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other Binall; and in othera there were irregular! 
shaped globules ; so that it appeared as if the limpid 
contents of the processes, owing tc the absorptioa of 
matter from the solution, had become aggregated 
sometimes round tbe nacleua, and sometimes into 
rate masses; and that these then tended to coalei 
The primordial utricle or protoplasm lining the 
cesses waa also thickened here and there into irregular 
aud variously shaped specks of yellowish translncent 
matter, as occurred in the case of Utricvlaria neglecta 
under similar treatment. These spooks apparently '" ' 
not change their forms. 

The minute two-armed glands on the valve were' 
also affected by the solution ; for they now contained 
several, sometimes as many as six oc eight, almost 
spherical masses of translucent matter, tinged with 
yellow, which slowly changed their forms and posi- 
tions. Such masses were never observed in these glands 
in their ordinary state. We may therefore infer that 
they serve for absorption. Whenever a little water ia 
expelled from a bladder containing animal remaina 
(by the means formerly specified, more especially by 
the generation of bubbles of air), it will fill the cavity 
in which the valve lies ; and thus the glands will bo-i 
able to utilise decayed matter which otherwise would, 
have been wasted. 

Finally, as numerous minute animals are captured' 
by this plant in its native country and when culti- 
vated, there can be no doubt that the bladders, though 
so small, are far from being in a rudimentary con- 
dition ; on the contrary, they are highly efficient 
traps. Nor can there be any doubt that mattet is 
absorbed from the decayed prey by the qiiadrifld and 
bifid processes, and that protoplasm is thus generated. 
What tempts animals oi such diverse kinds to ent^ 
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the cavity beneath the bowed antennre, and then foice 
their way through the little slit-like orifice between 
the valve and collar into the bladders filled with 
water, I cannot conjecture. 

Tubers. — These organs, one of which is represented 
in a previouB figure (fig. 26) of the natural size, 
deserve a few remarics. Twenty were found on the 
rhizomes of a single plant, but they cannot be strictly 
counted; for, besides the twenty, there were aU pos- 
sible gradations between a short length of a rhizome 
jnat perceptibly swollen and one so much swollen that 
it might be doubtfully called a tuber. When well 
developed, they are oval and gymmetrical, more so 
than appears in the figure. The largest which I 
saw was 1 inch (25-4 nun.) in length and -45 inch 
(11'43 mm.) in breadtb. They commonly lie near 
the surface, but some are buried at the depth of 
2 inches. The buried ones are dirty white, but those 
partly exposed to the light become greenish from the 
development, of chlorophyll in their superficial cells. 
They terminate in a rhizome, but this sometimes 
decays and drops off. They do not contain any air, 
and they sink in water; their surfaces are covered 
with the usual papillse. The bundle of vessels which 
runs up each rhizome, as soon as it enters the tuber, 
separatea into three distinct bundles, which reunite 
at the opposite end. A rather thick slice of a tuber is 
almost as transparent as glass, and is seen to consist 
of large angular cells, full of water and not containing 
starch or any other solid matter. Some slices were 
loft in alcohol for several days, but only a few 
extremely minute granules of matter were precipitated 
on the wails of the cells ; and these were much smaller 
and fewer than those precipitated on the cell-walla of 
the rhizomes and bladders. We may therefore con- 
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clndw that the tnbers do not serve as reservoirs for 
food, but for water during the dry season to which the 
plant ia probably exposed. The many little bladders 
filled with water would aid towards the aume end. 

To test the correctness of thia view, a email plant, 
growing in light peaty eaith in a pot (only 4| by 4-^ 
inches outside measore) was copiously watered, and 
then kept without a drop of water in tho hothoui 
Two of the upper tubora were beforehand uncovere 
and measured, and then loosely covered up again. In4 
a fortnight's time the earth in the pot appeared ex- 
tremely dry ; but not until the thirty-fiftli day were 
the leaves in the least affected; they then became 
alightly reflexed, though still soft and green. This j 
plant, which bore only ten tubers, would no doubt | 
have resisted the drought for even a longer timej 
had I not previously removed tlu'ee of the tubers 
and cut off several lon^ rhizomes. WTien, on the 
thirty-fifth day, the earth in the pot was tumod out, 
it appeared as dry as the duat on a road. All the 
tubers had their surfaces much wrinkled, instead of 
being smooth and tense. They had all shrunk, but I 
cannot aay accui-ately how much ; for as they were at 
first symmetrically oval, I measured only their length 
and thickness; but they contracted in a transverse 
line much more in one direction than in another, si 
to become greatly flattened. One of tlie two tubers j 
which had been measured was now three-fourths of J 
its original length, and two-thirds of its original thick- i 
ncsa in the direction in which it had been measnred, J 
but in another direction only one-third of its former ^ 
thickness. The other tuber was one-fourth shorter, one- 
eighth less thiek in the direction in which it had been 
measured, and only half as thick in another direction. 

A slice was cut from one cf these shrivelled tuhera 
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and examined. The cells still contained much water 
and no air, but they were more rounded or less angolar 
than before, and their walls not nearly ao straight ; it 
was therefore clear that the cells had contracted. The 
tubers, as long as they remain alive, have a strong 
attraction for water ; the shrivelled one, from which a 
slice had been cut, was left in water for 22 his. 80 
and its surface became as smooth and tense as it 
originally was. On the other hand, a shrivelled tuber, 
which by some accident had been separated from its 
rhizome, and which appeared dead, did not swell in 
the least, though left for several days in water. 

With many kinds of plants, tubers, bulbs, &c. 
iloubt serve in part as reservoirs for water, but I 1 
know of no case, besides the present one, of such i 
organs having been developed solely for this puiposo. 
Prof. Oliver informs me that two or three other species 
of Utricularia are provided with these appendages; 
and the group containing them has in consequence 
received the name of orchidioides. All the other 
species of Utricularia, as well as of certain closely 
related genera, are either aquatic or marsh plants; 
therefore, on the principle of nearly allied plants 
generally having a similar constitution, a never failing 
supply of water would probably be of great importance 
to our present species. We can thus understand the 
meaning of the development of its tubere, and of their 
number on the same plant, amounting in one instance 
to at least twenty. 



Utkioulaeia melumbifolia, amethystina, orif- 
pithii, o.sbtilea, obbiculata, mdlticauli8, 

As I wished to ascertain whether the bladders on 
the rhizomes of other species of Utricularia, and of Ihe 
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apecies of certain closely allied genera, had the same 
eesentiftl Btructure as those of Utriculana montana, and 
whether they captured prey, I asked Prof. Oliver to send 
me fragments from the herbarium at Kew. He kindly 
eclect«d some of the most distinct forms, having entire 
leaves, and believed to inhabit marshy ground or 
water. My son, Francis Darwin, examined them, and 
has given me the following oliservations ; but it 
should be home in mind that it is extremely difiicult 
to make out the structure of such minute and delicate 
objects after they have been dried and pressed. 

TJlricularia nelvmbifolia (Organ Mountains, Brazil). 
The habitat of this species is remarkable. Accordi 
to its discoverer, Mr. Garduer.t it is aquatic, but 
only to be found growing in the water which colli 
in the bottom of the leaves of a large Tillandsia, tha>t 
inhabits abundantly an arid rocky part of the moun- 
tain, at an elevation of about 5000 feet above the level 
of the sea. Besides the ordinary method by seed, it 
propagates itself by runners, which it throws out from 
the base of the flower-stem ; this ruimer is always 
found directing itself towards the nearest Tillandsia, 
when it inserts its point into the water and gives 
origin to a now plant, which in its turn sends out 
another shoot. In this manner I have seen not less 
than six plants united." The bladders resemble those 
of TJtricvla/ria montana in all essential respects, even to 
the presence of a few minute two-armed glands on th©i1 
valve. Within one bladder there was the remnant 06 
the abdomen of some larva or crustacean of large size^ 




■ Prof. OliTor liaa given (' Prim. hut ha lines not appear to hsvft I 

Linn. Soo.' voL iv. p. 1(J9) fibres paid partiouLu' attrition to thcMt 

of the bladderB of two Bouth orgttQB. I 

American species, namely, Ulri- f 'Travels in the Interioi of J 

c.Mria JaiacaoniaTta auil pellata ; Brazil, liS3G"ll,' p. S27. 
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having a brush of long sharp bristles at the apes. ] 
Other bladders included fragments of articulate ani- I 
mals, and many of them contained broken pieces of a -j 
ciiriouB organism, the nature of which was not recog- 1 
uised by anyone to whom it was shown. 

UirictUaria amethystiaa (Guiana). — This species has | 
small entire leaves, and is apparently a marsh plant ; 
but it must grow in places where crustaceans exist, ' 
for there were two small species within one of the 
bladders. The bladders are nearly of the same shape 
as those of JJtricviaria montana, and ore covered outside 
with the usual papilla ; but they differ remarkably in 
the antennas being reduced to two short points, united 
by a membrane hollowed out in the middle. This 
membrane is covered with innumerable oblong glands 
supported on lung footstalks ; moat of which are 
aiTanged in two rows converging towards the valve. 
Some, however, are seated on the margins of the mem- 
brane; and the short ventral surface of the bladder, 
between the petiole and valve, is thickly covered with i 
glands. Most of the heads had fallen off, and the foot- 
stalks alone remained ; so that the ventral surface and 
the orifice, when viewed under a weak power, appeared 
as if clothed with fine bristles. The valve is narrow, and 
bears a few almost sessile glands. The collar against 
which the edge shuts is yellowish, and presents the 
usual structure. From the large number of glands on 
the ventral surface and round the orifice, it is probable 
that this species lives in very foul water, from which it 
absorbs matter, aa well as from its captured and decay- 
ing prey. 

Uirieuhria griffi^thii (Malay and Borneo).^ The 
bladders are transparent and minute; one which was 
measured being only -r|4^ of ^^i inch (-711 mm.) 
in diameter. The antennte are of moderate length, and 
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project straight forward; they are nnited for a s 
space at their bases by a membrane ; and they bear a 
moderate number of bristles or hairs, not simple as 
heretofore, but surmounted by glands. The bladders 
also differ remarkably from those of the previous speciesb J 
as within there are no quadiifid, only bifid, p 
In one bladder there was a minute aquatic larva; 1 
in another the remains of some articulate animal ;j 
and in moat of them grains of sand. 

Uiricularia casrulea (India). — The bladders 
semhle those of the last species, both in the general 
character of the antennse and in the processes with- 
in being exclusively bifid. They contained remnants 
of entomoBtracan crustaceans. 

Vtricvlaria orbiaulaia (lodia), — The orbicular learefrl 
and the stems bearing the bladders apparently float mm 
water. The bladders do not differ much from tliose cdfl 
the two last species. The antennse, which are united! 
for a short distance at their bases, hear on their outer j 
surfaces and summits numerous, long, multicellular 
hairs, surmounted by glands. The p.ocesses within 
the bladders are quadrifid, with tiie four diverging 
arms of equal length. The prey which they had J 
captured consisted of entociostracan crustaceans. 

Utrimlaria mtUtuiaulis (Sikkim, India, 7000 to I 
11,000 feet). — The bladders, attached to rhizome^€ 
are remarkable from the strueture of the antennae^J 
These are broad, flattened, and of large size ; they 1 
bear on their margins multicellular hairs, surmounted 
hy glands. Their bases are united into a single, 
rather narrow pedicel, and they thus appear like j 
great digitate expansion at one end of the bladder. 
Internally the quadrifid processes have divergent arms 
of equal length. The bladders contained remnants of 
articulate animals. 
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POLYPOMPHOLTX. 

This genus, which is confined to Western Australia, 
ia characterised by having a " quadripartite calyx." In 
other respects, oa Prof. Oliver remarks,' " it is quite a 
Utricularia." 

PcHypompholyx muUiJida. — The bladders are attached 
in whorla round the summits of stiff stalks. The two 
antennce are represented by a minute membranous 
fork, the basal part of which forms a sort of hood over 
the orifice. This hood expands into two wings on each 
side of the bladder. A third wing or crest appears to 
be formed by the extension of the dorsal surface of the 
petiole ; but the structure of these three wings could not 
be clearly made oat, owing to the state of the speci- 
mens. The inner surface of the hood is lined with 
long simple hairs, containing aggregated matter, like 
that within the quadrifid processes of the previously 
described species when in contact with decayed ani- 
mals. These hairs appear therefore to serve as absor- 
bents, A valve was seen, but its structure could not 
be determined. On the collar round the valve there 
are in the place of glands numerous one-celled papiLl», 
having very short footstalks. The quadrifid processes 
have divergent arms of equal length. Eemains of 
entomostracan crustaceana were found within the 
bladders. 

Pohjpompholyx teneUa. — The bladders are smaller 
than those of the last species, but have the same 
general structure. They were full of debris, apparently 
organic, but no remaius of articulate animals could 
bo distinguished. 
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Genusea. 

This remarkable genus is technioaUy distinguishi 
from Utricularia, as I hear from Prof. Oliver, by 
having a five-partite calyr. Species are found 
several parts of the world, and are said to be " herbs 
annu£ paludosfe." 

GenHsea omaia (Brazil).^ This species has b( 
described and figured by Dr. Warming,' who stal 
that it bears two kinds of leaves, railed by him 
spathulate and utriculiferous. The latter include 
cavities ; and as these differ much from the bladders of 
the foregoing species, it will be convenient to speak of 
them as utricles. The accompanying figure (fig. 29) 
of one of the utriculiferous leaves, about thrice en- 
larged, will illustrate the following description by my 
son, which agrees in all essential points with that 
given by Dr. Warming. The utricle (6) is foi-med 
by a slight enlargement of the narrow blade of the 
leaf. A hollow neck (b), no less than fifteen times 
as long as the utricle itself, forms a passage from the 
transverse slit-like orifice (o) into the cavity of thoi 
utricle. A utricle which measured -yV of an in*' 
(■705 mm.) in its longer diameter had a neck 
(10'583 mm.) in length, and Yhr <*f an inch (-254 
in breadth. On each side of the orifice there is a 
spiral arm or tube (a) ; the structure of which wi 
best understood by the following illustration. Ti 
narrow ribbon and wind it spirally round a 
cylinder, so that the edges come into contact aloB 
whole length ; then pinch up the two edges so 
form a little crest, which will of course wind Bpirall^ 
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round the cylinder like a thread round a screw. If tlie 
cylinder is now removed, we shall have a tube like one 
of the spiral arms. The two projecting edges are not 
actuiilly united, and a needle 
can be pushed m easily be- 
tween them. They are in- 
deed in many places a little 
Beparated, forming narrow 
entrances into the tube ; 
but this may be the resiilt 
of the drying of the speci- 
mens. The lamina of which 
the tube is formed seems 
to be a lateral prolongation 
of the lip of the orifice ; 
and the spiral line between 
the two projecting edges is 
continuous with the comer 
of the oriSce. If a fine 
bristle is pushed down one 
of the arms, it passes into 
the top of the hollow neck. 
Whether the arms are open 
or closed at their extre- 
mities could not be deter- *"'* "•- 
mined, as aU the spaiunem „„SSrSL.«~ 
were broken ; nor does it '^™ "™"- 
appear that Dr. Warming * utSde'wluiide'?!"' °"*^ 
ascertained this point. " oneo^. " *" 

So much for the external ** ^Cil^bX^I™"' "'*^ ""^ 
structure. Internally the 

lower part of the utricle is covered with spherical 
papillse, formed of four cells (sometimes eight accord- 
ing to Dr. Warming), which evidently answer to the 
quadrifid processes within the bladders of Utricalaria, 
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These papillte extend s little way up the dorsal and 
veatral surfaces of the utricle ; and a few, accoiding to 
"Warming, may be found in the upper part. This 
upper region is covered by many transverse rows, one 
above the other, of short, closely approximate hairs, 
pointing downwards. These hairs have broad bases, 
and their tips are formed 
by a separate cell. They 
are absent in the lower part 
of the utricle where the pa- 
pillsa abound. The neck 
is likewise lined throughout 
ita whole length with trans- 
Terse rows of long, thin, 
transparent hairs, having 
broad bulbous (fig, 30) bases, 
with similarly constracted 
aharp points. They arise 
from little projecting ridges, 
formed of rectangular epi- 
dermic cells. The hairs 
rary a little in length, 
but their points generally 
extend down to the row 
nest below; so that if the 
neck is spht open and laid 
flat, the inner surface re- 
sembles a paper of pins, — 
the hairs representing the 
pins, and the little transverse 
ridges representing the folds 
of paper through which the 
pins are thrust. These rows of hairs are indicated j 
in the previous figure (29) by numerous transverse j 
lines crossing the neck. The inside of the nect i 
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alao studded with papilLn ; those in the lower part are 
Bpherical and formed of four cells, as in the lower part 
of the utricle ; those in the upper part are formed of 
two cells, which are much elongated downwards beneath 
their points of attachment. These two-celled papillsa 
apparently correspond with the bifid process in the 
upper part of the bladders of Utrieiilaria. The narrow 
transverse orifice (o, fig. 29) is situated between the 
bases of the two spiral arms. No valve could bo 
detected here, nor was any such structure seen by 
Dr. Warming. The lips of the orifice are armed with 
many short, thick, sharply pointed, somewhat incurved 
hajrs or teeth. 

The two projecting edges of the spirally wound 
lamina, forming the arms, are provided with short 
incnrved hairs or teeth, exactly like those on the 
lips. These project inwards at right angles to the 
spiral line of junction between the two edges. The 
inner surface of the lamina supports two-celled, elon- 
gated papiUie, resembhng those in the upper part of 
the neck, but differing slightly from them, according 
to Warming, in their footstalks being formed by 
prolongations of large epidermic cells ; whereas the 
papillffi within the neck rest on small cells sunk 
amidst the larger ones. These spiral arms form a 
conspicuous difference between the present genus 
and Utricularia. 

Lastly, there is a bundle of spiral veasels which, 
running up the lower part of the linear leaf, divides 
close beneath the utricle. One branch extends up the 
dorsal and the other up the ventral side of both the 
ntricle and neck. Of these two branches, one enters 
one spiral arm, and the other branch the other arm. 

The utricles contained much debris or dirty matter, 
which seemed organic, though no distinct orgauisms 
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could be recognised. It is, indeed, scarcely p 
that any object could enter the small orifice and pass 
down the long narrow neck, except a living creature. 
Within the necks, however, of some specimens, a worm 
with retracted homy jaws, the abdomen of some 
articulate animal, and specks of dirt, probably the 
remnants of other minute creatures, were found. 
Many of the papiUre within both the utricles and 
necks were discoloured, as if they had absorbed matter. 
From this description it is sufficiently obvious how 
Genlisea secures its prey. Small animals entering 
the narrow orifice — but what induces tbem to enter ia 
not known any more than in the cose of Utricularia — 
would find their egress rendered difficult by the sharp 
incurved hairs on the lips, and as soon as they passed | 
some way down the neck, it would be scarcely possible 
for them to return, owing to the many transverse rows 
of long, straight, downward pointing hairs, together 
with the ridges from which these project. Such crea- 
tures would, therefore, perish either within the neck 
or utricle ; and the quadrifid and bifid papillsB would 
absorb matter from their decayed remains. The 
transverse rows of hairs are so numerous that they 
seem superfluous merely for the sake of preventing 
the escape of prey, and as they are thin and delicate, 
they probably serve as additional absorbents, in the 
same manner as the flexible bristles on the infolded 
margins of the leaves of Aldrovanda. The spiral arms 
no doubt act as accessory traps. Until fresh leaves 
are examined, it cannot be told whether the line of 
junction of the spirally wound lamina is a little open 
along its whole course, or only in parts, but a small 
creature which forced its way into the tube at any 
point, would be prevented from escaping by the 
incurved hairs, and would find an open path down 
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the tube into the neck, and ao into the utricle. If the 
creature perished within the spiral arms, its decaying 
remains would be absorbed and utilised by the bifid 
papiilce. We thus see that animals are captui'ed by 
Goulisea, not by means of aa elastic valve, as with 
the foregoing species, but by a contrivance resembling 
an eel-trap, though more complex. 

Genlisea africana (South Aliica). — Fragments of the 
utriculiferona leaves of this species exhibited the 
same structure as those of Qemlisea omata. A nearly 
perfect Acarus was found within the utricle or neck 
of one leaf, hut in which of the two was not recorded. 

Genlisea aurea (Brazil). — ^A fragment of the neck 
of a utricle was lined with transverse rows of hairs, 
and was furnished with elongated papillie, exactly 
like those within the neck of Genlisea omata. It is 
probable, therefore, that the whole utricle is similarly 
constructed. 

Genlisea filiformis (Bahia, Brazil). — Many leaves 
were examined and none were found provided with 
utricles, whereas such leaves were found without diffi- 
culty in the three previous species. On the other 
hand, the rhizomes bear bladders resembling in essen- 
tial character those on the rhizomes of Utricularia. 
These bladders are transparent, and very small, viz. 
oiily TuTT of an inch ('254 mm.) in length. The 
antennje are not united at their bases, and apparently 
bear some long hairs. On the outside of the bladders 
there are only a few papillae, and internally very few 
quadrifid processes. These latter, however, are of un- 
usually large size, relatively to the blarlder, with the 
four divergent arms of equal length. No prey could 
be seen within these minute bladders. As the rhizomes 
of this species were furnished with bladders, those of 
Genlisea africana, ornaia, and aurea were carefully 
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examined, but none could be found. What are we 

infer from these facts? Did the three speciea just 
named, like their close allies, the several species of 
Utricularia, aboriginally possess bladders on their 
rhizomes, which they afterwards lost, acquiring in 
their place utriculiferoua leaves ? In support of this 
view it may be urged that the bladders of Genlisea 
filiformis appear from their small size and from the 
fewness of their quadrifid processes to be tending 
towards abortion ; bat why has not this species 
acquired utriculifcrons leaves, like its congeners? 

Conclusion. — It has now been shown that many 
species of Utricularia and of two closely allied genera, 
inhabiting the most distant parts of the world — 
Europe, Africa, India, the Malay Archipelago, Austra- 
lia, North and South America — are admirably adapted 
for capturing by two methods small aquatic or terres- 
trial animals, and that they absorb the products of 
their decay. 

Ordinary plants of the higher classes procure the 
requisite inorganic elements from the soil by meana 
of their roots, and absorb caibonic acid from the 
atmosphere by means of their leaves and sterna. 
But we have seen in a previons part of this work 
that there ia a class of plants which digest and 
afterwards absorb animal matter, namely, all the 
Droseiacea?, Piaguicula, and, as discovered by Dr. 
Hooker, Nepenthes, and to this class other species 
will almost certainly soon be added. These plants 
cau dissolve matter out of certain vegetable sub- 
stances, such as pollen, seeds, and bits of leaves. No 
doubt their glands likewise absorb the salts of am- 
monia brought to them by the rain. It has also been 
shown that some other plants can absorb ammonia by 
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their glandular hairs; and these will profit by that 
brought to them by the rain. There is a second class 
of plants which, as we have just seen, cannot digest, 
but absorb the products of the decay of the animals 
which they capture, namely, Utricularia and its close 
allies; and from the excellent observations of Dr. 
Mellichamp and Dr. Canby, there can scarcely be a 
doubt that Sarracenia and Darlingtonia may be added 
to this class, though the fact can hardly be considered 
as yet fully proved. There is a third class of plants 
which feed, as is now generally admitted, on the 
products of the decay of vegetable matter, such as 
the bird's-nest orchis (Neottia), &c. Lastly, there is 
the well-known fourth class of parasites (such as the 
mistletoe), which are nourished by the juices of 
living plants. Most, however, of the plants belonging 
to these four classes obtain part of their carbon, like 
ordinary species, from the atmosphere. Such are the 
diversified means, as far as at present known, by which 
higher plants gain their subsistence. 
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ployed by Mr. RonumHB. will prore, wfl think, a graal pit to knowledge."— 
fiatuntiy Sn-irw. 

JELLT-FISD, STAR-FISH, AND SEA'IIRCBINS. Bemg 

B Heaeareh on Frimitive Necroua Sysiems. ISmo. Cloth, $1.76. 

" AlIhouBh I have throagbinit kept [u rieir the reqnlremenla of ■ general 



LBt. bf brlDL^Ing toi;eth< 



working phyel- 
Xy'thiH rBBoareh."— &(««( 

irch Into Iho [awa of prlmllWo nerroDS ajBlenm condncted 
iDiillah inieBtlgators. Mr. Rnmanes Bet np a teoton the 

irk has bom* lia trijiw In a monourapli which leavei ootb- 
jelly-asli, Btur-Osb, Bud Koa-archlne, E«?rT one who baa 
~~ of life on thBBea4bare admlrBi these objecta. But few 



haia toy Idea of tlie eiqalaite delicacy of their atrnatare and Ibelr alee adapta- 

Uon to their place In na- "- " '•-' ' ■'■ ■■■"- '■— -■ ' 

Ihe tndlDMntaiy or^anlin 

lllnatiatlcnu."— A>u rbnt ^oariial <^ Omimtrei. 



anea brlngaont the enhtlle beanti 



are made more eleit liy a tai^a nutober oT 

AiriaiAL 1NTEI,LIGE\CE. 13mo. Cloth, J1.76. 

"A eollectlon of fiieta which, though tt may merely aninse the nnscientlfle 
reader, will bo a real boon tu the atndont of oomparntive ppycholiniy, roc IblB la 
the flntt attempt to present ByBleina'ieally Ibo well-aaaiirod reaalte ofobaerra- 
tloaon the mental life oraolmalB."— Safunfop Btvita. 

UENTAL EVOLUTION IN ANI9IALS. With s PoBtbuaoul 
Essay on laatinct, b; Cqableb Darwih. ISido. Clotb, (3.00. 
"Mr. ItomaneBhaB fn'lowad nphiB cereRil ennmeratlan of the <^te of 'Ani- 
mal Intelligence,' conmhnted to the •International 8cleutlBc S ' " ' ' 



with the eiiccsfFlve tttiafi at whkh IheiBririaB menial phra 
uvpeanniuefcaleonife. The prevent Inetallment dleplaye the same e' 
oi indnsiry In tnllecTlna [act! ami canilon to cowilInalliiK tham by tbeoi: 
former."— Tft* AVtaiaum. 
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